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EXECUTIVE SUMMARY

This public health handbook, Cryptosporidium and Water, was developed by the Working
Group on Waterborne Cryptosporidiosis (WGWC) -- a multi-disciplinary group composed of
representatives from the national Centers for Disease Control and Prevention (CDC), U.S.
Environmental Protection Agency (EPA),  Food and Drug Administration (FDA), U. S.
Department of Agriculture (USDA), state and local health departments, the drinking water
industry, and organizations representing the concerns of immunocompromised  persons.  The
handbook was developed to assist local health departments and water utilities in preparing
for and responding to reports of Cryptosporidium oocysts in tap water or in a community’s
source of drinking water (river, lake, well).  A new, federally mandated water monitoring
regulation goes into effect in 1997 that requires water utilities to test drinking water sources
once a month for Cryptosporidium.  Cryptosporidium will likely be found in the water
supplies of many communities; such findings may result in many unnecessary boil water
advisories if test results are not carefully interpreted.

The WGWC encourages health departments and water utilities to work as a team to develop
appropriate health risk assessment protocols and public responses to findings of
Cryptosporidium in drinking water supplies.  The common occurrence of Cryptosporidium in
sources of drinking water throughout the nation, and the lack of  reliable water testing meth-
ods for determining if a sufficient number of viable oocysts are present in water to cause an
outbreak, combine to make this a challenging task.  Because cryptosporidia are resistant to
the chlorine disinfectants commonly used in water treatment, the WGWC encourages water
utilities to optimize their filtration methods to reduce the risk of tap water contamination. It
should be recognized, however that Cryptosporidium oocysts may occasionally get through
even well operated filters. Although the handbook focuses primarily on Cryptosporidium in
drinking water and, to a lesser extent, recreational water, most of the principles outlined in
the handbook can be applied equally well to the prevention and investigation of other water-
borne pathogens.

The WGWC recommends the formation of a local Cryptosporidium Response Task Force
that includes, at a minimum, representatives from the health department, water regulatory
authority, and water utility.  Guidance is provided in the handbook for organizing such a task
force,  evaluating the water system’s vulnerability to Cryptosporidium (e.g., source water
protection and water treatment methods) before there is public concern about the risk of
waterborne cryptosporidiosis.  The handbook also provides guidelines on assessing and
developing health department capabilities for detecting a Cryptosporidium outbreak, and
developing a coordinated emergency response plan.   Also reviewed are some of the complex
issues that should be addressed before issuing or rescinding a boil water advisory.

If Cryptosporidium is detected in your drinking water, a significant portion of health depart-
ment and water utility staff time will be consumed by media and public inquiries.  The
WGWC encourages you to prepare for such inquiries well in advance of a crisis.  One effec-
tive approach is to develop a good working relationship with key media health/science
writers.  Let them know in advance that your community, like most communities in the



ii Executive Summary

United States, can expect to find Cryptosporidium occasionally in source water when manda-
tory Cryptosporidium testing is initiated.  The health department, water utility, and the public
will further benefit if the media are provided with a clear understanding of the many prob-
lems surrounding interpretation of water testing results for Cryptosporidium.  Making the
extra effort to work with the media before there is a crisis can reduce the chances of articles
being published or broadcast with inaccurate, misleading, or frightening information about
cryptosporidiosis and Cryptosporidium test results.  Practical tips for working with the media
as well as informational materials are provided in the handbook.

Guidance is also provided for initiating epidemiologic studies to determine if an outbreak is
occurring, for conducting a systematic investigation of the water supply to determine if
drinking water is a likely source of a suspected outbreak, as well as for assessing the size of
an outbreak, geographic distribution of ill persons, and specific risk factors for infection.  A
sample data collection form and epidemiologic questionnaire are provided to facilitate this
process.  Emergency telephone numbers are provided for state health departments, CDC, and
EPA, to contact for assistance in interpreting preliminary water quality data or investigating a
possible outbreak.

Within the various chapters you will find information on Cryptosporidium and
cryptosporidiosis that can be used for developing public education materials and preparing
news media releases.  This includes emergency water treatment guidelines such as boiling
water for 1 minute.  Informational materials for immunosuppressed persons (e.g., those with
AIDS) at risk of developing life-threatening cryptosporidiosis are also provided. For immuno-
suppressed persons who want to try to avoid all municipal tap water and commercial products
made with tap water, guidance is given for selecting an effective home-use water filter,
bottled water, soft drinks, and juices.  For the laboratorian, tables are provided that summa-
rize information about the types and sources of diagnostic Cryptosporidium tests for water
and stool, along with a discussion of their strengths and weaknesses.  An appendix includes
selected published articles, a listing of key words and phrases, and an index to make the
handbook user-friendly.

We hope you will find this handbook helpful.   We are interested in receiving comments or
questions and welcome suggestions for improving it.  Research on Cryptosporidium is
growing rapidly, and we anticipate that some sections of this handbook will need to be
updated.  Please let us know if you would like to receive updated materials by filling out and
mailing the postpaid postcard enclosed in the front pocket.  We welcome your input.

Dennis D.  Juranek
Centers for Disease Control and Prevention
for the Working Group on Waterborne Cryptosporidiosis
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INTRODUCTION

Cryptosporidium is a protozoan parasite affecting the gastrointestinal tract of humans and
animals.  It is shed in the feces in the form of an “oocyst,” which has a hard shell to protect it
from the environment.

Infections may be asymptomatic or may cause watery diarrhea and abdominal cramps.  The
organism is transmitted by the fecal-oral route. Outbreaks have most commonly been associ-
ated with person-to person (day care center) and waterborne (drinking and recreational water)
modes of spread.  Foodborne and animal-(especially calves) to-person spread has also been
documented.

At this time, there is no specific drug therapy proven to be effective against Cryptosporidium,
but the immunocompetent person will usually recover from illness within 2 weeks.
Immunocompromised individuals, however, may be unable to clear the parasite and suffer
chronic and debilitating illness.

Waterborne Cryptosporidium outbreaks have occurred in both large and small communities,
with the largest outbreak occurring in Milwaukee, Wisconsin in 1993, affecting an estimated
403,000 people.  Such outbreaks have caused major disruption to residents, businesses, and
government.  Infection with the Cryptosporidium organism may also have contributed to the
premature deaths of immunosuppressed individuals in these outbreaks.

Because of this, the finding of Cryptosporidium oocysts in many drinking water sources
(rivers, lakes, and reservoirs), and occasionally even in treated water, has been a source of
considerable concern to drinking water and public health officials, as well as to the public
and the news media.

Ordinary water disinfection methods cannot kill Cryptosporidium oocysts, and even the best
filtration units may allow a few organisms to pass through in treated water.  However, the
health risks associated with the consumption of public drinking water supplies contaminated
with small numbers of oocysts is unknown.

A new Environmental Protection Agency (EPA) collaborative project study, the Information
Collection Rule (ICR), will begin in 1997 and will require municipal water systems serving
over 100,000 people to test their source waters for Cryptosporidium. If the number of
cryptosporidia exceed a specified limit, water systems will be requirred to test their treated
water as well. The data obtained through this study will assist the EPA in the development of
water quality standards relating to Cryptosporidium.  Testing results will be available to the
public and news media and it is very likely that concern will result from reports of positive
findings.  Health officials will be looked upon to be knowledgeable and to provide guidance
in the event of a real or perceived health threat by this organism.  In smaller communities,
Cryptosporidium has also proven to be an important concern, and health officials in such
localities also need to be aware of any Cryptosporidium testing, public or private.
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This handbook has been developed by the Centers for Disease Control and Prevention (CDC)
Working Group on Waterborne Cryptosporidiosis to guide health officials in formulating a
response to findings of Cryptosporidium in drinking water.  Working Group membership
represents a wide range of agencies and disciplines, including the CDC, EPA, Food and Drug
Administration, U.S. Department of Agriculture, drinking water industry, state and local
health officials, laboratory professionals, medical and environmental researchers, and com-
munity action groups.

In addition to assisting you in your response to real or perceived threats from waterborne
Cryptosporidium, it is our intention that this handbook will also prove useful to you in
responding to other waterborne disease threats.
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Coordination and Preparation

CHAPTER 1
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2. Event reported by water supplier or health department to Executive Group for
further evaluation.

• Executive Group members immediately alert first level of governmental chain of
command (i.e., their immediate supervisors), that a trigger event has been reported.

3. Executive Group evaluates trigger event.

• Discusses the incident/findings reported and all relevant information.
• Determines if further information is needed to analyze event thoroughly.

4. Executive Group recommends a response.

• Reviews possible responses with appropriate members of Advisory Group.
• Selects appropriate action (See #6 below).
• Summarizes data in a clear and concise manner and explains why the plan of action

was chosen.

5. Executive Group sends concise summary to immediate supervisors for notification
and approval.

6. Executive Group carries out action/response plan - four possible responses:

A. Health risk no longer suspected
Event determined to be false alarm — no further action necessary.

B. Health risk indeterminate at current time
Continue heightened monitoring or surveillance for agreed-upon period and report
information back to Executive Group members for further evaluation. Executive
Group will terminate trigger event response if there are no significant further find-
ings, or recommend an increased level of action/response if findings warrant.  Some
groups may want to issue a Level I notice (described below) at this point.

C. Health risk suspected—notifications released. (This is only a presentation of
options—health risks are rarely defined clearly, and local realities should be the
deciding factor.)

Level I—health risk possible for immunocompromised persons
• Issue notice directed to immunocompromised persons that an increased level of

suspicion exists regarding the possible presence of parasites in the water supply.
Refer to Chapters 4 and 6 for specific educational information you can provide.

• Activate communications systems developed with Advisory Group members to
provide notification to immunosuppressed individuals.

• Do not issue general public precautions, because no risk for the general public is
suspected at this time.

• Increase epidemiologic surveillance; request that health care providers, staff at
clinical laboratories and hospitals, and pharmacists be on the alert for evidence of any
increase in diarrheal disease. Test for Cryptosporidium and other suspected pathogens
when appropriate.



1-6 Chapter 1- Coordination and Preparation

Level II—health risk possible for general population
• Strongly recommend water use precautions for

immunocompromised individuals; utilize
communications systems developed with Advisory
Group to reach these populations with disease
prevention information.

• Advise the public that they may also wish to take
these precautions.

• Institute more active epidemiologic surveillance —
telephone physicians, pharmacists, clinical laboratories,
hospitals, and nursing homes to inquire about any
evidence of increase in diarrheal disease and/or
Cryptosporidium findings.

D. Health risk strongly suspected—issue boil␣water␣advisory

• Announce that all persons should boil water before consumption.
• Issue specialized informational materials for restaurants, hospitals, dental offices,

establishments that sell fountain drinks, etc. (See Chapter 5)
• Institute active surveillance of hospitals, clinical laboratories, physicians’ offices,

pharmacies, and nursing homes for any evidence of increase in diarrheal disease and
cryptosporidiosis. (See Chapters 2 and 4)

• Strongly recommend Cryptosporidium testing for all diarrheal illnesses— make
health department laboratory available for testing at no cost if possible.

• Set up temporary telephone “hotline” for the public, businesses, and health
professionals, if possible. (See Chapter 5)

• Issue media release regarding boil water advisory. (See Chapter 5)  Ensure that
materials for special audiences (see Chapter 5) are also given to the media for
distribution.

7. Executive Group re-evaluates situation frequently.

8. Executive Group makes decision to change status of action/response plan.
• Reviews recommended change with appropriate members of Advisory Group.
• Upgrades action/response to higher level.
• Downgrades warning or terminates boil water advisory.
• Summarizes data in a clear and concise manner and explains why changes in status

were made.

9. Executive Group sends summary to immediate supervisors for notification and
approval.

10. Executive Group notifies the public and media about any changes in
recommendations.

Become familiar with your local
water system’s sources of water,
treatment methodologies,
monitoring tests, and the
 federal and state standards
for drinking water quality.
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Flow Chart for Action/Response Plan

4. Exec. Group makes final decision on
recommended response

1. Water system or health department
detects trigger event

2. Event reported to Executive Group for
further evaluation

Exec. Group members advise their
immediate superiors of reported
trigger event

3. Exec. Group evaluates event

Review with appropriate Advisory Group
members

5. Exec. Group sends summary to
supervisiors for notification and approval

6. Exec. Group carries out action/response

A. Health risk no
longer suspected–no
further action necessary

B. Health risk
indetermininate–
continue to monitor and
investigate

D. Health risk strongly
suspected or ascertained–
issue boil water advisory

C. Health risk
suspected–notifications
released

7. Exec. Group re-evaluates situation
frequently

8. Exec. Group makes decision to change
status (upgrade or downgrade/terminate)

9. Exec. Group sends summary to immedi-
ate supervisors

10. Exec. Group notifies public and media
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IV. Preparing a News Media Response

If Cryptosporidium is found in your drinking water supply and/or you have an outbreak of
cryptosporidiosis in your community, your task force will need to work with the local media
to educate the public about cryptosporidiosis without causing undue concern.  The experience
of other communities in this regard has taught a number of important lessons.

Be Prepared:

The best time to prepare for managing the media and the public in a cryptosporidiosis out-
break or a finding of oocysts in your drinking water is before a crisis occurs.  Do not wait to
prepare your response until there is an outbreak.  In preplanning, you should take these steps,
working with the other agencies that will be involved.

• Set your goals and objectives.  Be very clear about what you want the outcome of your
interaction with the media to be—what message you want the media to convey to the
public.

• Identify your personnel resources.
• Identify a spokesperson(s) for managing the media, and plan how to restrict media

access.  You may wish to funnel all media inquiries through your office of public affairs,
or equivalent, to different spokespersons with expertise in different areas.  If you do this,
each spokesperson should be aware of which type of questions he or she should answer
and which types should be referred to the office of public affairs or to other
spokespersons.  Designate back-up spokespersons who have been equally trained.

• Bear in mind that, particularly in more competitive media markets, reporters will try to
find other sources besides your spokesperson(s) and media releases.  Reporters may seek
comments from advocacy groups representing the HIV-positive community or similar
stakeholders.  These stakeholders may have their own, different political agenda to
pursue with the media.  It is not realistic to expect the news media to reproduce your
institution's  comments or news release verbatim and without comment.

• Plan a joint information center.  At this one locale, public information officers and
spokespersons from the different agencies can work together to coordinate a response to
the media.  Any agency that would be involved in issuing a boil water advisory should be
represented in this center.  If technical questions specifically on the water in question are
deferred to the water utility, answers to these questions should be coordinated with the
overall message coming from your joint group.  Keep everyone involved in handling any
aspect of your crisis “in the loop.”

• Think about the questions you would face from the media in a “cryptosporidiosis event”
before called upon to answer them.  You may want to write up answers to sample
questions; writing such questions and answers will help you focus your responses before
you have to give them.  An example is provided in Chapter 5.  You might also wish to
prepare some “fill in the blank” responses for media questions that will occur in different
waterborne disease contexts.  These statements can be pre-approved, then used
immediately in the first moments of a crisis.

• Get to know the reporters and editorial boards who would be involved in coverage of
such an event.  If they are sophisticated regarding cryptosporidiosis and trust you, they
will be far more likely to report on cryptosporidiosis in a calm and accurate manner.  You
may want to keep a record of helpful and responsible reporters and how to contact them.
An example of how to do this is provided in the appendix, as Figure C.
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Have a Plan:

• Identify the target audiences you must reach in the event of a waterborne disease
outbreak.  Material for specific audiences and contingencies is included in Chapter 4.

• Write a set of key communication points with the cooperation of the other agencies that
all of your spokespersons will use.  Try to limit this to as few points as possible.

• “Exercise” your plan.  Like any other emergency plan, your media plan can benefit, and
be utilized better, if you practice it with mock emergencies.

• Build in an evaluation component.  Be ready, when your crisis has passed, to review how
you handled it and how you could improve your performance.

General Tips for Spokespersons:

• You should be well-informed, apolitical, good at working with the media and direct and
nontechnical in answering questions.  Spokesperson(s) must be accessible.  If the media
cannot reach you they will turn to someone else for answers to their questions.

• If appropriate and possible, have a prepared statement to read or to issue.
• Always reply truthfully, simply, and directly to the media but answer only the question

asked.  “Yes" or "no” answers may need qualification.  Unless you have a specific point
to make that a reporter did not bring up, limit your comments to direct answers.  Prepare
and practice for the most difficult questions you are likely to be asked.  You will need to
be able to respond quickly and with authority to any question the media might ask.  It
may help to note that Cryptosporidium is a pathogen that has been in water for many
years and is only now becoming better understood and detected.

• Be concise.  Establish your key message at the beginning of your interview or press
encounter.  Do not overload the media with excessive or overly complex information.
Simply state and reinforce one or two important points.

• Admit it when you don’t know the answer or don’t have conclusive data on the subject.
If you are asked hypothetical questions by the media, defer them, answering only fact-
based inquiries.  Do not try to hedge by using phrases such as “I think,” “maybe,” or
“probably not.”

• Be sure to present your data in context.  For instance, if oocysts are found in your
finished water at a level that is normal and consistent with national findings, be sure to
say it is consistent with national findings and therefore not a cause for alarm.  Only
advise boiling water when your Executive Group, in consultation with appropriate
Advisory Group members, has already decided to do so and informed political leaders of
this decision.

• Avoid overly downplaying the effect of cryptosporidiosis on people with healthy immune
systems.  While not life-threatening for the general public, cryptosporidiosis can still be a
very unpleasant experience and your credibility could be hurt if you are seen as
dismissing their concerns.

• For the media’s own use and/or for inclusion in their stories, provide the phone number
for CDC’s Voice Information System (404-330-1242) and the Internet address for CDC’s
cryptosporidiosis page (www.cdc.gov/ncidod/diseases/crypto/crypto.htm).
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Evaluating Water Test Results
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II. Issuing and Rescinding a Boil Water Advisory

Introduction

Issuing a boil water advisory (BWA) for the protection of public health from waterborne
pathogens has serious implications for a community and must be done only after careful
consideration.

Decisions must frequently be made within relatively short periods of time and with either
incomplete or inconclusive information.  Therefore, as stated in Chapter 1, the most effective
way for a community to make decisions is to establish a local task force well in advance of
any potential crisis to discuss issues that are critical to BWA decision making.  The task force
should consist of representatives from public health and regulatory agencies and the water
utility.

The task force has two principal goals:  to bring together these representatives to establish
local water quality standards, and to establish a review process to be activated when a ques-
tion about the safety of local drinking water arises.  Issues for discussion might include the
legal authority for issuance of a BWA, identification of regulatory concerns, critical water
processing guidelines, source water factors (ground or surface), and public health implications.
By discussing these issues well in advance, the task force can prepare itself to make sound
professional judgements in the most informed and expeditious manner.

Boil Water Advisory Guidelines
The following guidelines are divided into three components:
1.)  Factors that trigger a meeting of the task force to review data relevant to a BWA;
2.) Factors to be considered in issuing a BWA;
3.) Factors to be considered in rescinding a BWA.

 Although the working group that developed this document and most water industry profes-
sionals encourage water utilities that filter water to maintain a finished water turbidity level
of 0.1 NTU,  these guidelines do not set specific turbidity levels, pathogen concentrations, or
particle counts that would trigger the issuance of a BWA because of the following current
limitations:
• The health risk associated with the consumption of drinking water contaminated with

small numbers of Cryptosporidium oocysts is unknown.
• For Cryptosporidium and other emerging pathogens, the analytical methods for detection

in water samples are developmental and may lack the sensitivity and specificity that
would permit basing decisions about issuing BWAs on test results alone.  Negative
results, using currently available tests, do not necessarily indicate the absence of
organisms, but only that none were detected in the sample analyzed.  Positive results do
not necessarily provide an accurate assessment of the number of organisms present nor of
their infectivity or viability.  Hence, a numerical standard for the number of organisms
that should be of concern has not been developed.

• Some measurements, such as turbidity levels or particle counts are site-specific.
• The complex interplay of factors to be considered in making BWA decisions makes it

difficult to set criteria on a national level that would be appropriate to all communities.
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Factors That Trigger a Meeting of the Boil Water Advisory Task Force

•     Evidence of disease in a community in which drinking water is suspected as the source of
      infection.
• Failure or significant interruption in key water treatment process(es)  (e.g., increases in

turbidity levels, increased particle counts, mechanical or equipment failure, persistent
monitoring deficiencies).

• Positive test results for pathogens (e.g., Cryptosporidium, Giardia, Shigella) in water.
• An acute violation of the total coliform rule (TCR) or a violation of the surface water

treatment rule (SWTR) turbidity standard.
• A persistent nonacute violation of the TCR.
• Any event (e.g., water main break, cross connection) that compromises the distribution

system, coupled with an indication of a health hazard.
• A natural disaster that may adversely affect water quality (e.g., flood, hurricane,

earthquake).

Issuing a Boil Water Advisory: Factors to Consider

Source water quality
• Vulnerability of the source water to contamination. The following may contaminate

source water: recreational use, sewage or sanitary discharges, or livestock operations in
the watershed area. Other site-specific factors, circumstances, and criteria should also be
considered.

• Previous monitoring results for pathogens.  Data from past monitoring or studies may
be helpful in interpreting current test results.

• Major changes to source water quality.  Source water quality can be altered by sewage
or manure spills, destratification of a reservoir, recent heavy or persistent rainfall, floods,
wind, water temperature changes, droughts, chemical changes, or related circumstances.
These events may increase the risk of pathogen occurrence and concentration, or decrease
the ability of the plant to treat the water effectively.

Treatment effectiveness
• Plant optimization for pathogen removal.  A treatment plant should have a plan for

treatment improvement such as that offered by EPA, water utilities, and states under the
Partnership for Safe Water program.  Evaluation of plant performance by a third party
may also be beneficial.

• Treatment failure or interruption .   Failure or interruption of key treatment processes
can occur even if a system is optimal.  Maintenance of all levels of a multiple barrier
system (i.e., coagulation, flocculation, sedimentation, filtration, disinfection, or other
individual water treatment processes) is critical to the effective removal of pathogens.

• Finished water quality.  Finished water quality measurements that should be reviewed
include turbidity levels,  particle counts, disinfection (dosage, residual, and contact time),
and the presence of pathogens or indicators at the treatment plant or in the distribution
system.  National water quality standards may not be adequate to prevent transmission of
waterborne Cryptosporidium. Site-specific standards may need to be more stringent than
current EPA regulations.

When evaluating positive test results for pathogens, consider:
• The experience of the laboratory with environmental samples.
• The appropriateness of sample collection and test methods for water.
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• The inherent limitations in the test methods.  For Cryptosporidium, negative results do
not necessarily indicate the absence of organisms and positive results do not necessarily
provide an accurate assessment of the number of organisms present, nor of their
infectivity or viability.

• The time between collection of the sample and the availability of results.  For example, a
BWA may not necessarily be advisable if a positive test result was associated with a
sample that was collected a month ago vs. a few days ago.

Distribution System Integrity
An assessment of the distribution system includes evaluating any disruption to the system
such as:
• low pressure or main breaks
• cross connections
• recent construction that might interrupt pipe flow
• stagnant water
• disinfectant residual
• an inadequate flushing program
• age and condition of the system.
This information may be contained in recent sanitary surveys.

Epidemiologic evidence
Epidemiologic evidence that associates gastrointestinal illness with drinking water in any
segment of the population should also be taken into account. Epidemiologic data suggesting
waterborne disease should be acted upon even if disease-confirming water quality data are
not readily available.

Rescinding a Boil Water Advisory: Factors to Consider

Source water quality
Source water quality indicators have returned to acceptable levels.
Treatment effectiveness
Treatment deficiency has been corrected.
Finished water quality
Finished water quality indicators have returned to acceptable levels and are within regulatory
limits. Successive pathogen monitoring shows acceptable results. Sufficient finished water
displacement has occurred in the distribution system to eliminate water that was or might
have been contaminated.  If the BWA was issued because a pathogen was detected and that
pathogen is no longer being detected, then the inadequacies of the pathogen detection
methods must be considered before rescinding a BWA.
Epidemiologic evidence
Epidemiologic evidence may be valuable. However, epidemiologic data is often not readily
available for BWA decision-making.
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Additional resources for this decision making are available.  Local health and drinking water
officials are encouraged to seek advice from their state epidemiologist (see Appendix, Figure F),
and their state agency responsible for implementation of the Safe Drinking Water Act.  On the
federal level, 24-hour assistance is available through the EPA Environmental Response Team
at (908) 321-6660 and CDC at (770) 488-7760 (during business hours) and (404) 639-2888
(nights, weekends and holidays).
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CHAPTER 5

OUTBREAK MANAGEMENT

I. Epidemiology (checklist for investigating a possible
outbreak)

1. Is an outbreak of cryptosporidiosis occurring?
An outbreak can generally be defined as a sudden increase in the incidence of disease in a
defined area over a specific period of time.  However, even if the number of reported cases of
cryptosporidiosis exceeds the expected number, this excess may not necessarily indicate an
outbreak.  Reporting may increase because of changes in the local reporting procedures,
changes in the case definition, increased interest because of local or national awareness,
improvements in diagnostic procedures, or changes in laboratory standards or personnel.
Similarly, a new physician or infection control nurse seeing referred cases may more consis-
tently report them, when in fact there has been no change in the prevalence of disease.

A general increase in the rate of diarrheal illness in a community does not necessarily mean
that a single type of  organism or mode of transmission is the cause.  One quick way to
determine if a specific organism is the predominant cause of diarrhea is to collect stool
samples from 10-20 ill people and a similar number from controls (people without diarrhea)
and have them tested for a variety of organisms (bacteria, viruses, parasites) by a reliable
laboratory.  If one organism is commonly found in the stool of ill persons and rarely found in
stools from controls, it is likely that this organism is the cause of the outbreak.   The finding
of two or more different organisms could indicate a) sporadic cases of  different diseases are
occurring in the same area at the same time; b) multiple outbreaks with different modes of
transmission are occurring; or c) a single outbreak is occurring in which multiple organisms
are being transmitted in the same way, e.g., sewage-contaminated water may transmit a
number of pathogens simultaneously.

An approach for rapidly determining if there is an increase in cases of cryptosporidiosis or
diarrhea is outlined below:

• Review data available from ongoing surveillance systems for diarrheal illness or
cryptosporidiosis. (See Chapter 2 for information on conducting surveillance)

• Set up a system for recording basic information about people who call the health
department or water utility to report laboratory-confirmed infection and clinical illness
consistent with cryptosporidiosis.  Use a standardized questionnaire or data collection
form such as the ones in Figures D and E in the appendix to capture comparable
information from all callers.  Information collected should include the name and phone
number of persons reporting illness, demographic and clinical characteristics of ill
persons, suspected source of infection, and name or initials of the person who recorded
information on the form. A quick analysis of data collected on these forms may suggest
avenues of investigation.  For example, if most cases involve toddler-age children a day
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Other people
Household contacts with diarrhea
Visiting ill persons
Sexual contact

Animals
Pets
Farms
Petting zoos

Travel history

• Collect the data
• Random digit dialing survey

Select a sample of names from a residential telephone directory.  Depending on the
number of people to be sampled, select every 10th, 20th, 30th or other number of
persons listed.  Seek the telephone company’s guidance on how to call residential
listings only.  Use a computer program to randomly select telephone numbers to call.

• Case-control study
Administer your questionnaire to all or a representative sample of persons with illness.
For example, if there are a large number of cases, you might want to sample 10-30%
of them. Contact your state health department for assistance in determining an
appropriate sample size and number of controls per case.

• Other groups to consider studying:
Consider investigating persons who had time-limited exposures to the water in question
(e.g., flight attendants, business travelers, out-of-town attendees at sporting events,
weddings, etc). Studies of these groups are useful for determining when the problem
began and how long exposure continued.  These studies also provide useful information
about the incubation period and dose (minimum amount of water consumed that results in
infection).

• Draw conclusions and make recommendations. After analysis of epidemiologic and
environmental data, conclusions should be summarized in an outbreak report.  Special
attention should be given to discussing the most likely cause(s) of the outbreak and
development of recommendations that would prevent future outbreaks.
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II. News Release Information

This is a sample of information to include in a news release to be used if there is a
cryptosporidiosis outbreak in your community, or if Cryptosporidium is found in your
community’s water.

Extra precautions for people with weakened immune systems:
In persons with weakened immune systems, cryptosporidiosis can be chronic and life-threat-
ening.  Persons with weakened immune systems may wish to take these extra precautions to
protect themselves against cryptosporidiosis.
• Drink only water that has been purified by boiling for 1 minute or by distilling.
• Trust only water filters with any of the following information on the label to remove

Cryptosporidium: reverse osmosis; absolute pore size of 1 micron or smaller; tested and
certified by NSF Standard 53 for cyst removal; tested and certified by NSF Standard 53
for cyst reduction.  Bottled water treated by reverse osmosis or with any of these filters,
and distilled water, will also be free of Cryptosporidium.  Canned or bottled carbonated
(bubbly) drinks will also be free of Cryptosporidium.

• Wash, with purified water, and/or cook all food.
• Do not swim in lakes, rivers, streams, public pools, or water parks and do not use

jacuzzis.
• Avoid any sexual practice that might involve contact with stool.
• Avoid touching young farm animals.
• Avoid touching the stool of animals.

Sources of infection
• Cryptosporidiosis is the disease caused by the parasite Cryptosporidium parvum.

Cryptosporidium infection can be caused by swallowing only a small amount of
cryptosporidia.  Cryptosporidium infection can be contracted by:
• eating contaminated food or drinking contaminated water;
• touching the stool of infected persons or animals, then not washing your hands well

before touching your mouth;
• touching anything contaminated with stool, then not washing your hands well before

touching your mouth.
• Cryptosporidiosis can be prevented by always washing hands thoroughly, after any

contact with animals or soil, after changing diapers, and before eating.

Symptoms
• Symptoms of cryptosporidiosis, the disease caused by Cryptosporidium, include diarrhea,

stomach cramps, fatigue, nausea, vomiting, or a slight fever.
• Symptoms usually start 2 to 10 days after swallowing Cryptosporidium.
• In a healthy person with a normal immune system, symptoms normally will last for 2

weeks or less, although individuals may recover, then get sick again.  Some people with
cryptosporidiosis may not get sick, but they can still pass the disease to others.

• After infection, an individual can pass cryptosporidia in their stool for up to 2 months,
and may give the disease to other people.
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• Persons with severely weakened immune systems may have cryptosporidiosis for a
longer time and should talk with their health care providers to learn how to avoid
infection.  The CDC AIDS Hotline, 1-800-342-2437, provides more information on
cryptosporidiosis.

Information for infected persons
• Persons infected with Cryptosporidium should:

• wash their hands regularly, especially before preparing food and after using the toilet;
• avoid any sexual contact, especially sexual contact involving exposure to feces;
• avoid swimming in public bathing areas (swimming pools, lakes, water parks, etc.)

while they have diarrhea and for several weeks after it clears up.
• Diarrhea can cause dehydration.  Individuals with diarrhea should contact their health

care provider, who may prescribe an oral rehydration mix.
• Some drugs, such as paromomycin, may reduce the symptoms of cryptosporidiosis, but

no drug now known can cure it. Therefore, prevention of infection is the key.
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III. Sample FAQ (Frequently Asked Questions)

Anticipate questions you might be asked by the media and the public during a
cryptosporidiosis outbreak and how to answer them.  Here are some examples.

Q. What is Cryptosporidium and how is it transmitted?

A. Cryptosporidium is a microscopic parasite that is found in the feces of infected humans or
animals.  Humans are infected when they ingest contaminated water or food, or touch
contaminated objects, then touch their mouth before washing their hands well.
Cryptosporidiosis, the disease caused by Cryptosporidium, is one of the most common
causes of diarrhea among persons with AIDS in the U.S.

Q. What are the symptoms?

A. Symptoms of Cryptosporidium infection in persons with normal immune systems include
diarrhea that lasts 1 to 2 weeks, often accompanied by abdominal cramps, fatigue,
nausea, vomiting, and low-grade fever.  People usually develop symptoms 2 to 10 days
after ingesting the parasite.

In persons with weakened immune systems, cryptosporidiosis can be chronic and life-
threatening.

Q. Who is at risk for severe cryptosporidiosis?

A. People at risk for severe cryptosporidiosis include people with AIDS, people who have
cancer, or organ or bone marrow transplant patients who are taking drugs that suppress
the immune system, and people who are born with genetically weakened immune
systems.

Q.  Why is Cryptosporidium a problem in drinking water?

A. Cryptosporidium is a problem because most water from lakes, rivers, and streams,
contains some of the microscopic parasite.  Most communities get their drinking water
from these “surface” sources, rather than from underground sources such as wells.
Cryptosporidium is highly resistant to chlorine and other disinfectants, which are used to
kill bacteria and viruses in drinking water.  In addition, Cryptosporidium is so small that
it is not easily removed from water by the type of filters used in conventional municipal
water treatment.

Over half of the tested public water supplies that use surface water have been found to
have small amounts of Cryptosporidium in the water sent to homes and businesses.

Q. How can I tell if there is Cryptosporidium in my drinking water?

A. You cannot tell without expensive, special tests.  These tests are not very good for home
use, and are not always reliable.
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Q. Is there a cure for Cryptosporidium infection?

A. No.  Some drugs, such as paromomycin (PAR-o-mo-my-sin), may reduce the symptoms
of cryptosporidiosis, but no drug now known can cure it.  Diarrhea can cause
dehydration.  Persons with diarrhea should contact their health care provider who may
recommend an oral rehydration therapy mix.

Q. Should I take extra protective measures?

A. It depends on your health and your drinking water.  If you have AIDS,  if you have cancer
or if you have had an organ or bone marrow transplant and are taking drugs that weaken
your immune system, or if you were born with a genetically weakened immune system,
you may want to take extra measures.  You should talk to your health care provider
regarding the level of your risk and on how to reduce it.

If you have a healthy immune system, you are at less risk for cryptosporidiosis, but you
may want to consider the quality of your drinking water.  Unfortunately, assessing the
risk of Cryptosporidium infection from your drinking water is not easy.  Tests for
Cryptosporidium in public water supplies are not easy to interpret.  A positive test does
not necessarily mean there is a risk, and a negative test does not necessarily mean there is
no risk.  If your drinking water comes from a surface source (lake, stream, or river) that
is unfiltered, or one that is located downstream from a sewage treatment facility or runoff
from farming, your water may be at increased risk of containing Cryptosporidium.

Q. What can immunosuppressed persons do to avoid infection with Cryptosporidium?

A. Avoid sexual practices that may result in exposure to feces.

Avoid drinking water directly from lakes, rivers, ponds, or streams.

Avoid swimming in lakes, rivers, streams, ponds, public swimming pools, or recreational
water parks.

Avoid working with diaper-aged children.

Avoid contact with feces of all animals, particularly young farm animals such as calves.

Always wash hands thoroughly:
• after any contact with animals;
• after any contact with soil (e.g., gardening);
• after changing diapers;
• before eating, or preparing food.

Consume only water that has been purified by boiling for 1 minute, or by treatment with
certain filters.  The CDC AIDS Hotline (1-800-342-2437) has information on filters that
remove Cryptosporidium from water.
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IV. Protocols for Special Audiences and Contingencies

The following pages contain information for various specialized audiences and contingencies
for use if a boil water advisory is issued.  You may wish to release this information to the
appropriate persons individually (i.e., not as a news release).  You may also want to set up
telephone hotline numbers to handle questions specific to these audiences.  These pages are
designed, in a camera-ready format, for individual release, by fax or similar methods, to the
appropriate persons at the institutions indicated.

Experience has shown that hotlines operate most effectively with a single number (answered
automatically or personally) with one consistent message.  Callers can be directed to further
basic information via audio, fax, Internet, or other means.  Callers can also be directed to
medical, sanitation, water, or other appropriate personnel.  In this way, callers with general
questions can be managed at a general level and callers with specific technical questions can
be efficiently directed to appropriate personnel.  Also, the following protocols can be distrib-
uted more appropriately and efficiently on demand if callers are grouped in this manner.
Experience has shown that hotlines are especially useful for addressing the needs of commer-
cial establishments and the public.
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Hospitals and Clinics

During a boil water advisory
• Patients and employees should not consume water that has not been disinfected, ice or

drinks made with water that has not been disinfected, or raw foods rinsed with water that
has not been disinfected.

• Disinfect water of Cryptosporidium by
• boiling at a rolling boil for 1 minute
• distilling
• filtering through a reverse osmosis filter, an “absolute 1 micron” filter or a filter

certified to remove Cryptosporidium under  NSF International Standard #53 for either
“cyst removal” or “cyst reduction.”  Ultraviolet light treatment of water is not
effective against Cryptosporidium, at normally used levels.

• All employees with diarrheal illness should be regulated by standard rules of exclusion
from work.

• Disinfect dishes via dishwashing machines that have a dry cycle or a final rinse that
exceeds 113°F for 20 minutes or 122°F for 5 minutes or 162°F for 1 minute.

• Use only disinfected water to treat skin wounds.

Upon rescinding a boil water advisory
• Re-start and flush any water-using fixture or piece of equipment in accordance with the

manufacturer’s specifications.  This may vary from fixture to fixture. Consult your
facilities engineer and/or the manufacturer when re-starting the equipment.

• Managers of large buildings with water-holding reservoirs should consult with their
facility engineer and health department about draining the reservoir.

• Run cold water faucets for 1 minute before using the water.
• Run drinking fountains for 1 minute before using the water.
• Backwash pool filters and change media or water.
• Run water softeners through a regeneration cycle.
• Drain and refill hot water heaters set below 113°F.
• Resume usual bathing practices and care for patients with breaks in the skin.



Renal Dialysis Units

During a boil water advisory
• Patients and employees should not consume water that has not been disinfected, ice or

drinks made with water that has not been disinfected, or raw foods rinsed with water that
has not been disinfected.

• Disinfect water of Cryptosporidium by
• boiling at a rolling boil for 1 minute
• distilling
• filtering through a reverse osmosis filter, an “absolute 1 micron” filter, or a filter

certified to remove Cryptosporidium under  NSF International Standard #53 for either
“cyst removal” or “cyst reduction.”  Ultraviolet light treatment of water is not
effective against Cryptosporidium, at normally used levels.

• All employees with diarrheal illness should be regulated by standard rules of exclusion
from work.

• Disinfect dishes via dishwashing machines that have a dry cycle or a final rinse that
exceeds 113° F for 20 minutes or 122° F for 5 minutes or 162° F for 1 minute.

• Use only disinfected water to treat skin wounds.
• Monitor patients closely for signs and symptoms of gastrointestinal illness.

If  your water system is treating water chemically beyond normal levels advise dialysis
units to
• Sample water for chemical analysis to ensure compliance with AAMI standards.
• Conduct chlorine/chloramine tests to ensure compliance with AAMI standards.
• Monitor water system gauges once per shift.

Upon rescinding a boil water advisory
• Re-start and flush any water-using fixture or piece of equipment in accordance with the

manufacturer’s specifications.  This may vary from fixture to fixture.  Consult your
facilities engineer and/or the manufacturer when re-starting the equipment.

• Managers of large buildings with water-holding reservoirs should consult with their
facility engineer and health department about draining the reservoir.

• Run cold water faucets for 1 minute before using the water.
• Run drinking fountains for 1 minute before using the water.
• Backwash pool filters and change media or water.
• Run water softeners through a regeneration cycle.
• Drain and refill hot water heaters set below 113°F.
• Resume usual bathing practices and care for patients with breaks in the skin.



Nursing Homes

During a boil water advisory
• Residents and employees should not consume water that has not been disinfected, ice or

drinks made with water that has not been disinfected, or raw foods rinsed with water that
has not been disinfected.

• Disinfect water of Cryptosporidium by
• boiling at a rolling boil for 1 minute
• distilling
• filtering through a reverse osmosis filter, an “absolute one micron” filter, or a filter

certified to remove Cryptosporidium under  NSF International Standard #53 for either
“cyst removal” or “cyst reduction.”  Ultraviolet light treatment of water is not
effective against Cryptosporidium, at normally used levels.

• All employees with diarrheal illness should be regulated by standard rules of exclusion
from work.

• Disinfect dishes by washing in dishwashing machines that have a dry cycle or a final
rinse that exceeds 113°F for 20 minutes or 122° F for 5 minutes or 162° F for 1 minute.

Upon rescinding a boil water advisory
• Re-start and flush any water-using fixture or piece of equipment in accordance with the

manufacturer’s specifications.  This may vary from fixture to fixture.  Consult your
facilities engineer and/or the manufacturer when re-starting the equipment.

• Managers of large buildings with water-holding reservoirs should consult with their
facility engineer and health department about draining the reservoir.

• Run cold water faucets for 1 minute before using the water.
• Run drinking fountains for 1 minute before using the water.
• Backwash pool filters and change media or water.
• Run water softeners through a regeneration cycle.
• Drain and refill hot water heaters set below 113°  F.
• Resume usual bathing practices and care for residents with breaks in the skin.



Day-care Facilities

During a boil water advisory
• Children and employees should not consume water that has not been disinfected, ice or

drinks made with water that has not been disinfected, or raw foods rinsed with water that
has not been disinfected.

• Disinfect water of Cryptosporidium by
• boiling at a rolling boil for 1 minute
• distilling
• filtering through a reverse osmosis filter, an “absolute one micron” filter, or a filter

certified to remove Cryptosporidium under  NSF International Standard #53 for either
“cyst removal” or “cyst reduction.”  Ultraviolet light treatment of water is not
effective against Cryptosporidium, at normally used levels.

• All employees with diarrheal illness should be regulated by standard rules of exclusion
from work.

• Disinfect dishes by washing in dishwashing machines that have a dry cycle or a final
rinse that exceeds 113°F for 20 minutes or 122° F for 5 minutes or 162° F for 1 minute.

Upon rescinding a boil water advisory
• Re-start and flush any water-using fixture or piece of equipment in accordance with the

manufacturer’s specifications.  This may vary from fixture to fixture.  Consult your
facilities engineer and/or the manufacturer when re-starting the equipment.

• Managers of large buildings with water-holding reservoirs should consult with their
facility engineer and health department about draining the reservoir.

• Run cold water faucets for 1 minute before using the water.
• Run drinking fountains for 1 minute before using the water.
• Backwash pool filters and change media or water.
• Run water softeners through a regeneration cycle.
• Drain and refill hot water heaters set below 113°F.



Prevention and Control of Cryptosporidiosis in Day-care Facilities

Effective measures include
• frequent hand washing, by both staff and children;
• clear separation of diapering and food-handling areas and responsibilities;
• the use of overclothes or diapers capable of retaining liquid feces;
• disinfection of diaper areas and toys;
• excluding children with diarrhea;
• use of disposable gloves when changing diapers;
• use of disposable paper to cover diaper-changing areas;
• separation of diaper-changing areas from children’s play areas.

No disinfectant is guaranteed to be completely effective against Cryptosporidium. How-
ever, hydrogen peroxide (3%) is usually effective.  Ammonia can also be used but it has a
strong odor and, if accidentally mixed with bleach or other chlorine-containing solutions,
produces hazardous chlorine gas.

In the event of an outbreak, to reduce the level of potentially infectious Cryptosporidium,
clean and disinfect toys, table tops, and high chairs more frequently than usual (at least
twice daily).  Dishwasher-safe toys may be washed in a commercial dishwasher that has a
dry cycle or a final rinse that exceeds 113°F for 20 minutes or 122° F for 5 minutes or
162° F for 1 minute. Cloth toys may be washed and heat-dried in a clothes dryer for 30
minutes.

If there is an increase of diarrhea, parents should be informed of the symptoms of
cryptosporidiosis, how it is transmitted, the risk of severe illness in immunocompromised
persons, and necessary control measures.



Dental Offices

During a boil water advisory
• Reschedule appointments for immunocompromised patients, such as HIV-positive

individuals, chemotherapy and transplant patients, and congenitally
immunocompromised individuals.

• Warn your patients before treatment that they are at greater risk for cryptosporidiosis if
they are immunocompromised, and that they may wish to reschedule their treatment after
the boil water advisory is lifted.  Explain to all patients the current situation regarding
water and indicate what procedures your office is following to protect their health.

• Patients and employees should not consume water that has not been disinfected, or ice or
drinks made from water that has not been disinfected.

• Disinfect water of Cryptosporidium by
• boiling at a rolling boil for 1 minute
• distilling
• filtering through a reverse osmosis filter, an “absolute one micron” filter or a filter

certified to remove Cryptosporidium under  NSF International Standard #53 for either
“cyst removal” or “cyst reduction.”  Ultraviolet light treatment of water is not
effective against Cryptosporidium, at normally used levels.

• All employees with diarrheal illness should be regulated by standard rules of exclusion
from work.

• Turn off the water supply to high-speed handpieces.  Using disinfected water, flow water
out of a bulb syringe when using high-speed handpieces.

Upon rescinding a boil water advisory
• Re-start and flush any water-using fixture or piece of equipment in accordance with the

manufacturer’s specifications.  This may vary from fixture to fixture.  Consult your
facilities engineer and/or the manufacturer when re-starting the equipment.

• Managers of large buildings with water-holding reservoirs should consult with their
facility engineer and health department about draining the reservoir.

• Run cold water faucets for 1 minute before using the water.
• Run drinking fountains for 1 minute before using the water.



Commercial Establishments (Restaurants, Hotels, Convenience Stores)

During a boil water advisory
• Do not serve or consume water that has not been disinfected, ice or drinks made with

water that has not been disinfected, or raw foods rinsed with water that has not been
disinfected.

• Disinfect water of Cryptosporidium by
• boiling at a rolling boil for 1 minute
• distilling
• filtering through a reverse osmosis filter, an “absolute one micron” filter, or a filter

certified to remove Cryptosporidium under NSF International Standard #53 for either
“cyst removal” or “cyst reduction.”  Ultraviolet light treatment of water is not
effective against Cryptosporidium, at normally used levels.

• Disinfect dishes by washing in dishwashing machines that have a dry cycle or a final
rinse that exceeds 113°F for 20 minutes or 122° F for 5 minutes or 162° F for 1 minute.

Upon rescinding a boil water advisory
• Re-start and flush any water-using fixture or piece of equipment in accordance with the

manufacturer’s specifications.  This may vary from fixture to fixture.  Consult your
facilities engineer and/or the manufacturer when re-starting the equipment.

• Managers of large buildings with water-holding reservoirs should consult with their
facility engineer and health department about draining the reservoir.

• Run cold water faucets for 1 minute before using the water.
• Run drinking fountains for 1 minute before using the water.
• Backwash pool filters and change media or water.
• Run water softeners through a regeneration cycle.
• Drain and refill hot water heaters set below 113°F.



Commercial Ice Maker Users

Upon rescinding a boil water advisory
A.  Flush the water line to the machine inlet:

1.  Close the valve on the water line behind the machine and disconnect the water line
from the machine inlet.
2.  Open the valve, run 5 gallons of water through the valve, and dispose of the water.
3.  Close the valve.
4.  Reconnect the water line to the machine inlet.
5.  Open the valve.

B.  Flush the water lines in the machine:
1.  Turn on the machine.
2.  Make ice for 1 hour and dispose of the ice.

C.  Clean and disinfect all parts and surfaces that come in contact with water and ice,
following the manufacturer’s instructions.



Public Users of Public Water Supplies

During a boil water advisory
• Do not consume water that has not been disinfected, ice or drinks made from water that

has not been disinfected, or raw foods rinsed with water that has not been disinfected.
• Disinfect water of Cryptosporidium by

• boiling at a rolling boil for 1 minute
• distilling
• filtering through a “reverse osmosis” filter, an “absolute one micron” filter, or a filter

certified to remove Cryptosporidium under NSF International Standard #53 for either
“cyst removal” or “cyst reduction.”  Ultraviolet light treatment of water is not
effective against Cryptosporidium, at normally used levels.

• Disinfect dishes by washing in dishwashing machines that have a dry cycle or a final
rinse that exceeds 113°F for 20 minutes or 122° F for 5 minutes or 162° F for 1 minute.

Upon rescinding a boil water advisory
• Flush household pipes/faucets: run all cold water faucets for 3 minutes each.
• Flush home automatic ice makers: make three batches of ice cubes and discard all three

batches.
• Run water softeners through a regeneration cycle.
• Flush drinking fountains: run continuously for 1 minute.
• Flush water coolers: run coolers with direct water connections for 5 minutes.
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2.  Avoid Sexual Activity that May Involve Contact with Feces.

3.  Avoid Contaminated Food.
• Food that will be eaten uncooked should be washed with purified (boiled or filtered)

water before serving.
• Do not drink or eat unpasteurized milk, dairy products, or juices and ciders.

4.  Know the Source of Your Water.
• Do not drink or swallow water directly from rivers, lakes, streams, the ocean, swimming

pools, hot tubs, or jacuzzis.
• If you travel to a less developed region, you may want to avoid drinking water that has

not been boiled or filtered to remove Cryptosporidium.

5.  Extra Precautions for People with Severely Weakened Immune Systems.
If you have a severely weakened immune system, consult your health care provider for
additional guidance.  You can also call the CDC AIDS Hotline toll-free at 1-800-342-2437
and ask for more information on cryptosporidiosis, or use the WWW site www.cdc.gov/
ncidod/diseases/crypto/crypto.htm.

Should I Have My Water at Home Tested for Cryptosporidium ?
Home tests for Cryptosporidium are generally not recommended because they are expensive
and  impractical.  This is especially true if you are served by a municipal water system that is
already providing this service.  The test requires a large amount of water (about 100-400
gallons)  and many hours of analysis by a specially trained microbiologist.   For more infor-
mation on Cryptosporidium testing in your local water system, contact your  water provider
or the state agency that sets rules for water systems.   If you have a private drinking water
source, routine maintenance should include annual testing for bacterial contamination. This
may provide an indication of possible contamination.

What Should I do if My Water Utility Reports Cryptosporidium in My
Drinking Water ?

Current water treatment practices may not remove all Cryptosporidium from drinking water.
Drinking water systems that routinely test for Cryptosporidium are likely to find it occasion-
ally.  If Cryptosporidium is found in your drinking water, public health and water supply
officials will look at many measures of water quality and alert the public about any additional
precautions that might be necessary.  If you are advised to boil your water, don’t drink tap
water or eat uncooked products prepared with tap water such as food or ice, unless you boil
the water for 1 full minute, or filter the water first.

What About Boiling, Home Filters, and Bottled Water ?
Boiling your drinking water for 1 minute is the best way to get rid of Cryptosporidium.
When boiling is not possible, there are many different types of home water filters and bottled
water that you can use,  although not all of them can protect you against cryptosporidiosis.



If you are interested in a specific brand of filter and want to find out if it removes
Cryptosporidium you can contact NSF International,  3475 Plymouth Road, P.O. Box
130140, Ann Arbor, MI 48113-0140, 1-800-673-8010, or by fax at 1-313-769-0109.  NSF
International is an independent testing group that some filter manufacturers use to certify
their products. In addition, any process that uses reverse osmosis or a filter with a pore size
of 1 micron absolute or smaller should remove Cryptosporidium. Remember that all filters
must be properly maintained as recommended by the manufacturer.

If you choose to buy a filter, look for the following information on the label:

Filters Designed to Remove Cryptosporidium
(any of the four messages below on a package label

indicate that the filter should be able to remove Cryptosporidium)

Reverse osmosis (with or without NSF testing)

Absolute pore size of 1 micron or smaller
(with or without NSF testing)

Tested and certified by NSF Standard 53 for cyst removal

Tested and certified by NSF Standard 53 for cyst reduction

All types of bottled water are not equally safe.  Bottled water labels that say “well water,”
“artesian well water,” “spring water,” or “mineral water,” do not guarantee water free of
Cryptosporidium. If you want to buy bottled water with a low risk of Cryptosporidium, read
the label and look for the following information:

Water Processed by a Method
Effective Against Cryptosporidium

Reverse osmosis treated

Distilled

Filtered through an absolute 1 micron or
smaller filter

1 micron absolute



Filters designed to remove crypto
 (any of the four messages below on a package label  indicate
that the filter should be able to remove crypto)

Reverse osmosis  (with or without NSF testing)

Absolute pore size of 1 micron or smaller
(with or without NSF testing)

Tested and certified by NSF Standard 53 for cyst
removal

Tested and certified by NSF Standard 53 for cyst
reduction

Filters labeled only with these words
may not be designed to remove crypto

Nominal  pore size of 1 micron or smaller

One micron filter

Effective against Giardia

Effective against parasites

Carbon filter

Water purifier

EPA approved - Caution: EPA does not
approve or test filters.

EPA registered - Caution: EPA does not
register filters for crypto removal

Activated carbon

Removes chlorine

Ultraviolet light

Pentiodide resins

Water softener

PREVENTING CRYPTOSPORIDIOSIS: A GUIDE TO WATER
FILTERS AND BOTTLED WATER

Filtering tap water:  Not all available home water filters remove crypto.  All filters that have
the words “reverse osmosis” on the label protect against crypto.  Some other types also work,
but not all filters that remove objects 1 micron or larger from water are the same.  Look for
the words “absolute 1 micron.”  Some  “1 micron” and most  “nominal 1 micron” filters will
not work against crypto.  To find out  if a particular filter removes crypto, contact NSF
International (3475 Plymouth Road, P.O. Box 130140, Ann Arbor, MI 48113-0140, 1-800-
673-8010, 1-313-769-0109 [fax]), an independent testing group.  Ask NSF for a list of
“Standard 53 Cyst Filters.”  Check  the model number on the filter you intend to buy to make
sure it is exactly the same as the number on the NSF list.   Look for the NSF trademark on
filters, but be aware that NSF tests filters for many different things.  Also look for the words
“Standard 53” and the words “cyst reduction” or “cyst removal” for an NSF-tested filter that
works against crypto.  Because NSF testing is expensive, many filters that may work against
crypto have not been tested.   Reverse osmosis filters work against crypto whether they have
been tested by NSF or not.   Many other filters not tested by NSF also work if they have an
absolute pore size of 1 micron or smaller.

If you choose to buy a filter, look for this information on the label:



Water labeled as follows was processed
by method effective against crypto

Reverse osmosis treated

Distilled

Filtered through an absolute 1 micron or
smaller filter

“1 micron absolute”

Water labeled as follows may not have been
processed by method effective against crypto

Filtered

Micro-filtered

Carbon-filtered

Particle-filtered

Multimedia-filtered

Ozonated

Ozone-treated

Ultraviolet light-treated

Activated carbon-treated

Carbon dioxide-treated

Ion exchange-treated

Deionized

Purified

Chlorinated

Filters collect germs from water, so someone who is not HIV infected should change the
filter cartridges; anyone changing cartridges should wear gloves and wash their hands after-
wards.  Filters may not remove crypto as well as boiling does because even good brands of
filters may sometimes have manufacturing flaws  that allow small numbers of crypto to get
past the filter.  Also, poor filter maintenance or failure to replace filter cartridges as recom-
mended by the manufacturer can cause a filter to fail.

If you drink bottled water, read the label and look for this information:

Bottled water labels reading  “well water,”  “artesian well water,”  “spring water,” or “min-
eral water”do not guarantee that the water does not contain crypto.  However,  water that
comes from protected well or protected spring water sources is less likely to contain crypto
than bottled water or tap water from less protected sources, such as rivers and lakes.

Home distillers: You can remove crypto and other germs from your water with a home
distiller.  If you use one you need to carefully store your water as recommended for storing
purified water.



Other drinks : Soft drinks and other beverages may or may not contain crypto.  You need to
know how they were prepared to know if they might contain crypto.

If you consume prepared beverages, look for drinks from which crypto has been re-
moved:

Crypto killed or removed in preparation Crypto may not be killed or removed
in preparation

Canned or bottled soda, seltzer, and fruit drinks Fountain drinks

Steaming hot (175° F. or hotter) tea or coffee Fruit drinks you mix with tap water
from frozen concentrate

Pasteurized drinks  Iced tea or coffee

Juices made from fresh fruit can also be contaminated with crypto.  Several people became ill
after drinking apple cider made from apples contaminated with crypto.  You may wish to
avoid unpasteurized juices or fresh juices if you do not know how they were prepared.
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Giardia and Cryptosporidium in raw and finished
drinking water*

Mark W. LeChevallier
William D. Norton

The American Water System has conducted extensive monitoring of its operations since 1988.  Analysis of 347 surface
water samples collected between 1988 and 1993 showed that the prevalence rate of  Giardia and Cryptosporidium was
53.9 percent and 60.2 percent, respectively.  But because the parasite assay does not indicate viability or virulence, these
results do not necessarily indicate that these water systems were at risk from waterborne pathogens.  To supplement
coagulation and filtration, the average system will have to apply sufficient disinfection to reduce viable Giardia levels by
3.1 log

10
.  An analysis of existing disinfection practices shows that most systems are already applying disinfectant at a

level sufficient to reduce Giardia levels.  However, the proposed Disinfectants/Disinfection By-product (D/DBP) Rule
may hamper the ability of water utilities to apply sufficient disinfection under current operating conditions.  Careful
integration of the D/DBP and the Enhanced Surface Water Treatment rule is encouraged.

The analogy of the water purveyor as a juggler of
sometimes conflicting federal and state regulations has
never been more true.  The challenge is to keep all of the
regulated parameters successfully flying through the air
while new regulations are constantly being added.  What
makes this prestidigation even more impressive is that
pending regulations, which will have enormous impact,
are constantly changing shape during the performance.
In the middle of this magic show the ring master at-
tempts to interpret the meaning of the performance and
its impact on the audience.  This article will try to play
the role of the ring master in attempting to discuss the
application and interpretation of Giardia and
Cryptosporidium monitoring results but the reader
should be aware that this description is based on the
proposed regulations, and the final program may be
subject to change.

The Information Collection Requirements (ICR) will be
an administrative order that will require utilities to
monitor and provide the United States Environmental
Protection Agency (USEPA) with information that will
assist the agency in establishing new regulations (1).
Systems will have to provide a variety of technical,
chemical, and operational data.  For microbiological
testing, systems serving populations between 10,000 and
100,000 people will be required to monitor for Giardia,
Cryptosporidium, andtotal and fecal coliforms (or
Escherichia coli) in raw water samples.  Large systems
(those serving >100,000 people) will additionally
monitor for coliphage and Clostridium spp. in raw water
and be required to examine filtered water if raw water
values exceed 1/L.

Through the process of regulatory negotiations the
USEPA has developed a two-tiered Disinfectants/
Disinfection By-Product (D/DBP) Rule (2).  Stage 1
regulations  will specify maximum contaminant levels
(MCLs) and MCL Goals (MCLG) for DBPs; maximum

residual disinfectant levels (MRDLs) and MDRL Goals
(MRDLG) for disinfectants; best available technology
for achieving compliance with the MCLs; a treatment
technique for DBP precursor removal; analytical and
monitoring requirements, and reporting and record-
keeping requirements.  Under stage 1, the MCL for five
haloacetic acids and total trihalomethanes will be 60 and
80 g/L, respectively.  Stage 2 requirements will be
developed using data generated under the ICR (1).
In addition, the D/DBP Rule will specify that all public
water systems using chlorine disinfection and conven-
tional treatment must operate with enhanced coagulation
for removal of DBP precursors if the total organic carbon
(TOC) concentration prior to the first application of
continuous disinfection exceeds 2.0 mg/L.  Enhanced
coagulation is defined as achieving a specified percent
removal of TOC between the raw water and the point
prior to continuous disinfection.  The specified removals
are based upon source water alkalinity and TOC concen-
trations.  Credit for chlorine disinfection will not be
given until the appropriate TOC removal levels have
been achieved.

With the development of the D/DBP Rule, USEPA
recognized the possibility that in an effort to reduce DBP
levels, utilities could inadvertently increase the risk from
microbial agents.  Utilizing the DBP regulatory analysis
model (DBPRAM), USEPA was able to examine the
health and economic implications of various approaches
to DBP regulation.  In a direct comparison of microbial
risk from Giardia infection with cancer risk for several
DBP control scenarios, the predicted increases in Giardia
infection were orders of magnitude higher than decreases
in cancer rates.  To ensure that implementation of the D/
DBP Rule did not increase microbial risk, USEPA
considered it necessary to review the adequacy of the
existing Surface Water Treatment Rule (SWTR).  This
revised rule, which may also include regulation of
Cryptosporidium, is called the Enhanced SWTR
(ESWTR) (3).*This article originally appeared in Journal of the American Water

Works Association, 1995; 87(9): 54-68.
Copyright © 1995, American Water Works Association.
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watersheds with a higher frequency occurrence of
parasites.  Because a single peak event can overwhelm
treatment barriers and result in waterborne illness,
treatment plants should be designed and operated in a
manner that can handle such events and ensure a consis-
tently low level of microbial risk.

USEPA has proposed (1) four possible approaches for
analyzing data collected through the ICR: (1) use the
arithmetic mean for the data; (2) use the geometric mean
for the data; (3) use the 90th percentile of the highest
value based on a distribution of the results; or (4) use the
maximum count.

In all cases the USEPA has proposed to count the limit of
detection when cysts or oocysts are not found (e.g., a
value of <1.0 cyst/L becomes a calculated value of 1.0
cyst/L).

Analysis of the combined data from the 1988-90 and
1991-93 studies allowed the four methods for tabulating
Giardia and Cryptosporidium data to be evaluated (Table
5).  In addition, a fifth method (termed maximum
detected level) was added which provides an alternative
calculation when the maximum count was based on a
nondetect value (e.g., limit of detection).  The logarith-
mic difference between these calculated values and the
estimated level for a 10-4 annual risk of infection for
Giardia and Cryptosporidium (0.0007 cysts/100 L and
0.003 oocysts/100 L respectively) permits a theoretical
evaluation of the level of treatment required for each
organism.

The average treatment requirement for Giardia based on
the geometric mean, the arithmetic average and maxi-
mum level was 5.38, 5.52, and 5.85 log

10
, respectively

(Figure 1).  The average treatment requirement for
Cryptosporidium based on the geometric mean, the
arithmetic average and maximum level was 4.49, 4.68,
and 5.05 log

10
, respectively (Figure 2).  All plants

required more than the minimum 3.0 log
10

 level of
treatment as outlined in the SWTR (25).   Overall, the

difference between treatment requirements based on the
geometric mean (the lowest value) and the maximum
level observed (the highest value) averaged 0.47 log

10
 for

Giardia (range=0.1 - 1.2 log
10

) and 0.56 for
Cryptosporidium (range=0.01 - 1.59 log

10
).

The intent of establishing treatment goals based on the
monitoring data is to aid the plant supervisor and the
design engineer in the routine operations and design of
the treatment facility.  Once a database of results was
established, routine operations could be based on
achieving a particular level of treatment without the need
for constant parasite monitoring.  Using the geometric or
arithmetic mean for determining this routine level of
treatment is problematic because the parasite levels are
frequently higher than the mean.

The 90th percentile or the maximum level observed is a
more appropriate parameter for setting treatment goals.
The 90th percentile is an arbitrary standard, but does
account for unusual circumstances (e.g., flooding,
turbidity peaks, spills) when the utility would normally
perform additional treatment.  The 90th percentile would
encompass the normal variation in parasite levels during
routine operations.  The relationship between the samples
where cysts were not detected (nondetect values) and the
samples where cysts were observed is noticeable. This
consistency between actual counts and nondetect values
permits an estimation of the 90th percentile, even when
cysts or oocysts are infrequently detected.  Another
advantage of the 90th percentile approach is the possibil-
ity of estimating a confidence interval around the linear
fit of the data.  In the authors’ experience, as more data
are collected, the linear fit is improved, and the 95
percent confidence interval is reduced.  With this
analytical approach, there is an incentive for utilities to
perform increased raw water monitoring because the
highest values can be eliminated from consideration.

At least 10 samples are required to determine the 90th
percentile.  Within the database examined, only seven
systems were examined 10 or more times (Figure 3).

Figure 1
Figure 2
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Table 5
Tabulation of Giardia and Cryptosporidium Data for each surface water treatment plant
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Comparison of treatment goals for the geometric means,
arithmetic average, 90th percentile, and maximum count
showed that the difference between the different calcula-
tions averaged 0.71 log

10
 for Giardia (range 0.36 to 1.1

log
10

) and 0.78 log
10

 for Cryptosporidium (range 0.37 to
1.2 log

10
).

When data are limited (e.g., <10 samples) the maximum
level observed would provide protection against possible
peak occurrences of pathogens.  One limitation with the
maximum level guideline occurs when the maximum
count is a nondetect value.  For the Giardia data pre-
sented in Table 5 the maximum count was a nondetect
value for 17 (23.6 percent) of the 72 systems.  For six of
these systems, all values were nondetect (i.e., Giardia
cysts were not found in any samples).  For nine of the
systems, the maximum nondetect value was <0.5 log

10

higher than a value where an actual cyst had been
detected.  For three systems, the maximum nondetected
value ranged between 1 and 2 log

10
 higher than an actual

observed value.  For Cryptosporidium, the maximum
count was a nondetect value in 10 of the 72 systems
(13.9 percent).  The difference between the maximum
count and the maximum detected level value (i.e., the
next highest value when the maximum level is a
nondetect) for Cryptosporidium averaged 0.24 log

10

(range 0.006 to 0.52).

An example of the impact of a nondetect value on the
calculated level of Giardia  is illustrated by the data from
site 72 (Table 6).  Giardia cysts were detected only once
among the five samples collected.  The sample collected
on June 27, 1989, was during flood stage of the river and
raw water turbidity levels were estimated at 3,000 NTU.
The large amount of debris in the sample clogged the
filter after 3 gal (11.3L) was collected and resulted in a
concentrated pellet of 55 mL.  Because the analytical
methodology limits the size of the pellet processed to 1
mL, the sample would have required processing 55 times
(approximately 3 months of work) to analyze all 3 gal.
Because the assay also requires a monolayer of material
to be placed on the filter, only a small fraction of the
processed sample was analyzed.  The net result was that
an equivalent volume of 0.004 L was analyzed.  No cysts
were detected in the sample, but two oocysts were. The
statistical reliability of a value based on no observed
organisms (or for Cryptosporidium, a count of two
oocysts)  is extremely large (greater than 10 fold).
Additional testing during 1991 to 1992 failed to produce
such high results.  The impact, however, of this nondetect
value results in a maximum observed count treatment
goal of 7.5 log

10
 for Giardia and 7.2 log

10
 for

Cryptosporidium removal, inactivation or both.  A more
realistic treatment goal would be the next highest value,
which in this case was 42 cysts/L, or a treatment goal of
6.8 log

10
.  Providing routine treatment at this level

ensures ample protection for the situation in which
Giardia was observed (11 cysts/L requires 6.2 log

10

treatment to achieve 10-4 annual risk of Giardia infection)
and is more comparable to the arithmetic or geometric
mean treatment goals for Cryptosporidium (6.6 and 6.2
log

10
, respectively).

Treatment objectives can be optimized
Once the raw water monitoring has been completed and
the treatment goals for a particular plant established, the
utility can focus options to routinely achieve these goals
and balance them with other water quality objectives.
For most systems, this means optimizing particle remov-
als through coagulation, sedimentation and filtration, and
balancing disinfection so that adequate microbial
inactivation is achieved along with minimal DBP
formation.  Improving particulate removal obviously
lessens reliance on disinfection.

For this study, particle counting (total particles > 3 m)
was used to evaluate the removal of parasites through the
treatment process.  Previous studies have shown correla-
tions between removals of Giardia and Cryptosporidium
and particle counts (9,26).  In this study, the systems
achieved an average 2.7-log

10
 removal of particles >3 m

(range=0.94 - 3.8 log
10

).  The difference between the
average level of particle removal for each system and the
treatment goal (based on the geometric mean of raw
water parasite counts) estimates the level of disinfection

Table 6

Giardia and Cryptosporidium Data for Site 72

Date Giardia/L Cryptosporidium
oocysts/L

June 27, 1989 <242 484
July 8, 1991 11 39
 December 2, 1991 <12 24
May 11, 1992 <4 12
August 3, 1992 <42 42

Figure 3
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that will be required under the ESWTR.  For Giardia, the
average system would need to supplement sedimentation
and filtration treatment with and additional 2.7 log

10
 of

disinfection (Figure 4).   All  systems examined required
more than the minimum 0.5 log

10
 disinfection as outlined

in the SWTR (25).  However, when the level of Giardia
inactivation was estimated at each facility, the average
system applied sufficient CxT to achieve 5.1-log

10

disinfection.  This estimate was based on the average pH
(7.5), temperature (15oC), and free chlorine residual (1.4
mg/L) for the samples analyzed (contact times were
adjusted for short circuiting in the basins) (12), and will
obviously change for different seasonal conditions.
However, when this estimate was compared to the level
of disinfection necessary to achieve the 10-4 annual risk
of infection, 64.3 percent of the systems exceeded the
amount of disinfection necessary to control Giardia and
an additional 15.7 percent were within 1 log

10
 of the

treatment goal.  An estimated 20 percent of the systems
would need to increase disinfection levels (2 - 3 log

10
),

whereas another 20 percent could reduce the level of
disinfection used by 10 log

10
 or more.

The importance of these estimates is to show that many
systems are currently meeting or exceeding the required
level of treatment—even for the ESWTR guidelines for
Giardia—and that a substantial number of systems could
reduce disinfection practices without impacting micro-
bial protection.  This finding is similar to previous results
showing that 76 percent of the systems examined
exceeded the 10-4 risk level for Giardia (7).  Additionally,
approximately 80 percent of these systems currently
meet the stage 1 D/DBP levels of 80 g/L for THMs and
60 g/L for haloacetonitriles despite the wide use of
prechlorination (27).  In these studies, however, approxi-
mately 80 percent of the CxT credit for Giardia inactiva-
tion came from prechlorination, usually because of the
long contact times in the sedimentation basins.  Elimina-
tion of prechlorination CxT credit under the D/DBP Rule
would jeopardize the ability of utilities to provide
adequate Giardia disinfection.  Moreover, reliance on

only postfilter disinfection removes one of  the elements
of the multiple barrier protection by not providing
options for backup disinfection should postfiltration
disinfection fail.  Because most systems would probably
still apply some prechlorination (even if no disinfection
credit is applied) to control algal growths and to improve
filter performance and oxidation for iron, manganese,
and taste and odor compounds, DBP levels could actually
increase because the water would have to be
rechlorinated for postfiltration CxT credit.  It is important
that USEPA more carefully study the integration of the
ESWTR and D/DBP rules and cautiously approach the
issue of changing predisinfection practices before these
regulations are promulgated.

Plant optimization, chlorination have prevented
cryptosporidiosis recurrences
Comparing the difference between particle count
removals and treatment goals for Cryptosporidium
reveals that the average system will need to provide 2.0-
log

10
 disinfection (range=0.5 - 2.6 log

10
) to meet a 10-4

annual risk of infection.  Although there is not a large
database of disinfection data for Cryptosporidium, recent
studies have shown that a combination of free chlorine (1
mg/L for 60 min) and chloramines (2 mg/L for 240 min)
resulted in 1.6-log

10
 of oocyst inactivation (28).  Other

studies have suggested that multiple stresses could
increase oocyst inactivation under field conditions (29-
31).  Although much more disinfection data are needed,
especially under field conditions, the reassuring message
is that the combination of effective turbidity and particle
count reductions with chlorination may already be
achieving risk assessment goals for Cryptosporidium.
Indeed, plant optimization and chlorine disinfection has
been sufficient to prevent reoccurrences of
cryptosporidiosis outbreaks in the Carrollton Ga., Talent
Ore., and Milwaukee Wis. systems.  Because multiple
application of disinfection may be important for
Cryptosporidium inactivation, again, it is critical that
USEPA move cautiously regarding the elimination of
predisinfection practices.

Plant effluent results examined
For the 1991-93 study, Giardia cysts were detected in
filtered plant effluent water on 12 occasions (4.6 percent
of 262 samples).  When detected, Giardia levels aver-
aged 2.6 cysts/100 L (range=0.98 - 9.0 cysts/100 L).
Microscopic examination of the cysts suggested that the
majority of the organisms were dead.  More than 86
percent of the 22 cysts found in the water samples lacked
observable internal morphological structures, while only
one isolate had a peritrophic space (a potential indicator
of viability).  Because microscopic indicators of viability
are very broad and probably greatly over estimate the
potential to cause illness, there is little reason to believe
that any community was at risk for an outbreak of
giardiasis.

Figure 4
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Cryptosporidium oocysts were observed in 35 (13.4
percent) of 262 plant effluent samples. When
Cryptosporidium was detected, levels averaged 3.3
oocysts/100 L (range=0.29 - 57 oocysts/100 L).  Micro-
scopic examination of the oocysts showed that 27 (35
percent) of 77 isolates contained sporozoites.  It is
uncertain whether any of these sporozoites were viable.

Overall, 16.8 percent of the samples (44 of 262) con-
tained Giardia, Cryptosporidium, or both.  These levels
are lower than the 39 percent rate for finished water
reported in the previous study (7), but probably reflect
the lower cyst and oocyst occurrence in the raw water
and improved treatment plant performance.  The relation-
ship between the levels of parasites in raw water and
their detection frequency in filtered water has already
been discussed (7,9).  In the 1991 study, the average
plant effluent turbidity level was 0.19 ntu, and 80.5
percent of the systems had turbidity levels less than 0.5
ntu.  In the current study, the average plant effluent
turbidity level was 0.14 ntu and 98.9 percent of the
plants had turbidity values less than 0.5 ntu.  The data
suggest that implementation of the SWTR (25) has
resulted in improvements in water quality.

A summary of the occurrence data for Giardia and
Cryptosporidium in filtered effluent water for all samples
collected between 1988 and 1993 showed that almost 28
percent of the plants (20 of 71) were positive for Giardia
cysts on one or more sampling occasions.  A total of 14
systems (19.7 percent) were positive for cysts on only
one occasion, whereas six systems were cyst-positive
two or more times.  For Cryptosporidium, 32 of 71 plants
(45 percent) were consistently negative, while 24 plants
were positive once and 15 plants were oocyst-positive
two or more times.  Forty-four of 71 (62 percent) of the
plants were positive for Giardia, Cryptosporidium, or
both at one time or another.  The results suggest that if
sampled often enough, Giardia or Cryptosporidium will
eventually be detected at nearly every plant.  Because the
parasite assay does not indicate viability or virulence, the
results do not necessarily indicate that these systems are
at risk from waterborne pathogens.  However, the results
do suggest that controlling coagulation and filtration
procedures for removal of Cryptosporidium will be more
difficult than control of Giardia.

Because conventional filtration will remove 99 to 99.7
percent of cysts and oocysts (25), it is reasonable to
expect that detection of cysts and oocysts in the raw
water will result in detectable levels in filtered effluents.
Because microscopic detection of cysts and oocysts in
treated water is an inefficient method for determining
plant performance and the confidence interval of
individual results is large, the best use of limited analyti-
cal resources would be to concentrate on developing a
raw water database for Giardia and Cryptosporidium

occurrence and to use other means, such as particle
counts, to determine treatment plant performance (9,25).

Acknowledgement
The authors acknowledge the effort of Judith Siegel who
helped with the Giardia and Cryptosporidium analysis,
and  thank Richard H. Moser and Ramon Lee for their
comments.  This research was supported by funds from
the American Water System.

References
01. USEPA.  1994.  Monitoring Requirements for
Public Drinking Water Supplies; Proposed Rule.  Federal
Register  59(28): 6332-6444.
02. USEPA.  1994.  National Primary Drinking Water
Regulations; Disinfectants and Disinfection Byproducts;
Proposed Rule. Federal Register 59(145): 38668-38829.
03. USEPA.  1994.  National Primary Drinking Water
Regulations; Enhanced Surface Water Treatment
Requirements; Proposed Rule. Federal Register 59(145):
38832-38858.
04. LeChevallier, M. W., W. D. Norton, and R. G.
Lee. 1992. Evaluation of a Method to Detect Giardia and
Cryptosporidium in Water, p.483-498. In  J. R. Hall and
G. D. Glysson (eds.), Monitoring Water in the 199’s:
Meeting New Challenges, ASTM STP 1102, American
Society for Testing and Materials, Philadelphia, PA.
05. LeChevallier, M. W., T. M. Trok, M. O. Burns,
and R. G. Lee. 1990. Comparison of the Zinc Sulfate
and immunofluorescent techniques for detecting Giardia
and Cryptosporidium in water. J. Amer. Water Works
Assoc. 82(9):75-82.
06. LeChevallier, M. W., W. D. Norton, and R. G.
Lee. 1991. Occurrence of Giardia and Cryptosporidium
spp. in surface water supplies. Appl. Environ. Microbiol.
57(9):2610-2616.
07. LeChevallier, M. W., W. D. Norton, and R. G.
Lee. 1991. Giardia and Cryptosporidium spp. in filtered
drinking water supplies. Appl. Environ. Microbiol.
57(9):2617-2621.
08. LeChevallier, M. W., W. D. Norton, R. G. Lee,
and J. B. Rose. 1991. Giardia and Cryptosporidium in
Water, AWWA Research Foundation, Denver, CO.
09. LeChevallier, M. W. and W. D. Norton. 1992.
Examining Relationships Between Particle Counts and
Giardia, Cryptosporidium, and Turbidity. J. Amer. Water
Works Assoc. 84(12):54-60.
10. ASTM.  1991. Proposed test method for Giardia
cysts and Cryptosporidium oocysts in low-turbidity
water by a fluorescent antibody procedure. Ann. Book of
ASTM Standards 11.01:925-935.
11. LeChevallier, M. W., W. D. Norton, J.E. Siegel
and M. Abbaszadegan.  1995.  Evaluation of the
Immunofluorescence Procedure for Detection of Giardia
Cysts and Cryptosporidium Oocysts in Water. Appl.
Environ. Microbiol. 61(2): 690-697.
12. USEPA.  1989. Guidance Manual for Compliance



20 Chapter 8- Resource Guide

with the Filtration and Disinfection Requirements for
Public Water Systems Using Surface Water Sources, US
Environmental Protection Agency, Washington, D.C..
13. Rose, J. B., C. N. Haas, and S. Regli.  1991.  Risk
Assessment and Control of Waterborne Giardiasis.  Amer.
J. Pub. Health  81(6): 709-713.
14. Haas, C. N., and J. B. Rose.  1994.  Reconciliation
of Microbial Risk Models and Outbreak Epidemiology:
The Case of the Milwaukee Outbreak.  Proceedings
AWWA 1994. Annual Conf. AWWA Denver, CO.
15. Clancy, J. L., W. D. Gollnitz, and Z. Tabib.  1994.
Commercial Labs:  How Accurate are They?  J. Amer.
Water Works Assoc. 86(5):89-97.
16. Ongerth, J. E. 1989. Giardia cyst concentrations in
river water. J. Amer. Water Works Assoc. 81(9):81-86.
17. Poulton, M. J., J. S. Colbourne, and J. B. Rose.
1992. Cryptosporidium monitoring in the UK and risk
assessment, p.589-598. In Proc. AWWA Water Quality
Tech. Conf, AWWA, Toronto, Ont.
18. Ballows, A., W.J. Hausler Jr., K. L. Herrmann,
H.D. Isenberg, H.J. Shadomy. 1991.  Manual of
Clinical Microbiology, Fifth Edition. American Society
for Microbiology, Washington, DC.
19. Boutros, S. N. 1989. Sampling and Analysis for
Cryptosporidium in PA Public Surface Water Supply
Sources, Report to Pennsylvania division of water
supply, Harrisburg, PA.
20. Hansen, J. S. and J. E. Ongerth. 1991. Effects of
time and watershed characteristics on the concentration
of Cryptosporidium oocysts in river water. Appl.
Environ. Microbiol. 57(10):2790-2795.
21. Rose, J. B. 1988. Occurrence and significance of
Cryptosporidium in water. J. Amer. Water Works Assoc.
80(2):53-58.
22. Rose, J. B., C. P. Gerba, and W. Jakubowski.
1991. Survey of potable water supplies for
Cryptosporidium and Giardia. Env. Sci. Tech.
25(8):1393-1400.
23. Ongerth, J. E. and H. H. Stibbs. 1987. Identifica-
tion of Cryptosporidium oocysts in river water. Appl.
Environ. Microbiol. 53:672-676.
24. The National Cryptosporidium Survey Group,
1992. A survey of Cryptosporidium oocysts in surface
and groundwaters in the UK. J. IWEM 6(12):697-703.
25. USEPA.  1989. National primary drinking water
regulations: filtration and disinfection; turbidity, Giardia
lamblia, viruses, Legionella and heterotrophic bacteria;
proposed rule. Federal Register 54(124):27486-27541.
26. LeChevallier, M. W. and W. D. Norton.  1995.
Plant Optimization using Particle Counting for Treatment
of Giardia and Cryptosporidium.  Royal Society of
Chemistry in press.
27. Arora, H., M. W. LeChevallier, and R. H. Moser.
1994.  Disinfection By-Products — American System
Survey of Occurrence, Control and Fate.  Report to the
American Water System, Voorhees, NJ.

28. Finch, G. R., K. Black, and L. L. Gyurek.  1995.
Ozone and Chlorine Inactivation of Cryptosporidium. pp.
1303-1318.  In Proc. AWWA Water Quality Tech. Conf,
AWWA, San Francisco, CA.
29. Robertson, L. J., A. T. Campbell, and H. V.
Smith.  1992.  Survival of  Cryptosporidium under
Various Environmental Pressures. Appl. Environ.
Microbiol. 58(11):3493-3500.
30. Parker, J. F. and H. V. Smith.  1993.  Destruction
of Oocysts of Cryptosporidium by Sand and Chlorine.
Wat. Res. 27(4): 729-731.
31. Carrington, E. G. and M. E. Ransome.  1994.
Factors Influencing the Survival of Cryptosporidium
Oocysts in the Environment.  FR 0456. Crown and
Foundation for Water Research, Bucks, UK.

About the authors: Mark W. LeChevallier is the
director of research for the American Water Works
Service Company, Inc.  (AWWSC), 1025 Laurel Oak Rd.,
POB 1770, Voorhees, NJ 08043.  A member of AWWA,
IWSA, IWQA, and the American Society for Microbiol-
ogy, LeChevallier is the past chairman of the AWWA
Organisms in Water Committee.  He has had work
published previously in JOURNAL AWWA, Applied and
Environmental Microbiology, Microbial Ecology, and
Journal of Microbiological Methods.  William D. Norton
is a research analyst at the AWWCS, Belleville Labora-
tory, 1115 S. Illinois St., Belleville, IL 62220.

Abbreviations:

n The number of samples collected
Avg Arithmetic average
Geo-X Geometric mean
90 percent Calculation of the 90th

percentile, for sites with >10 samples
Max Maximum count observed
Max2 Maximum detected level (when the

maximum count was based on a
nondetect value) or arithmetic average,
which ever was greater



21Cryptosporidium and Water

The Public Health Response to an Outbreak*

William R. Mac Kenzie, MD
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Introduction
The words ‘epidemic’ and ‘outbreak’ are synomonous and can be defined as the occurrence of cases of disease that is in
excess of what would normally be expected (1).  The word ‘outbreak’ is often preferred because it less likely to be
misinterpreted or sensationalized.  In the United States, local and state health departments are the front line respondents
to outbreaks of disease within their jurisdiction.  Outbreaks often represent a crisis situation that concurrently necessi-
tates intense thought, coordinated action, and crisis management by the public health community.  The successful
management of an outbreak requires that public health officials be able to recognize the occurrence of an outbreak,
mobilize and coordinate resources, conduct a thorough investigation, and rapidly institute control measures.  An outline
of the basic steps to conducting an outbreak investigation are found in Table 1.  In this article we provide an overview to
the detection and investigation of outbreaks, institution of control measures, and administrative aspects of the public
health response.

Detection and Confirmation of an Outbreak
For public health agencies to respond to an outbreak
there first must be recognition that an outbreak has
occurred.  Outbreaks are frequently recognized by health
care providers or public health workers who observe an
increase in cases of disease or constellations of unusual
signs and symptoms.  For example, in 1989, physicians
who evaluated three patients with eosinophilia and
severe myalgia in New Mexico reported these cases to
the New Mexico Department of Health.  These reports
stimulated an investigation that led to the discovery of a
nationwide outbreak of the eosinophilia-myalgia
syndrome associated with consumption of L-tryptophan
produced by a single pharmaceutical company (2).
Outbreaks due to some enteropathogens, including
unusual Salmonella serotypes, are often noted first by
state public health laboratorians who recognize an
increase in the number of isolates (3).  Finally, public
health officials may recognize outbreaks of diseases
which are reported through routine notifiable disease
surveillance when there is an increase in reported cases
of a disease.

Once an outbreak is suspected, it is essential to deter-
mine if reported cases represent true cases of disease.
Misdiagnosis or laboratory error need to be ruled out by
examination of cases, review of charts, and repeating
laboratory tests when indicated.  For example, a pseudo-
outbreak of Mycobacterium xenopi in a Michigan
hospital was uncovered when case-patient charts were
reviewed and the majority of those with isolates did not
have disease consistent with M. xenopi infection (4).
Epidemiologic investigation then revealed that cases
were associated with undergoing bronchoscopy with a

bronchoscope that had been rinsed with contaminated tap
water after disinfection. The presence of an outbreak can
be confirmed only if there has been a true increase in
cases of the disease over a baseline number of expected
cases.

Institution of Control Measures
When the occurrence of an outbreak has been confirmed,
measures to control the outbreak should be instituted as
quickly as possible.  For some diseases (e.g., syphilis,
tuberculosis, hepatitis A) specific control measures, such
as treatment of cases, cohorting, contact investigation,
and prophylaxis, are well established and can be initiated
simultaneously with the investigation.  However, when
the source of the outbreak, agent, or both is unknown, an
epidemiologic investigation must be conducted before
specific control measures can be implemented. The
decision to take public health action involves weighing
the strength of the epidemiologic data, the likely cost of
inaction with regard to morbidity and mortality, the cost
of taking action in terms of inconvenience, financial loss,
and possible complications of the action (e.g., burn
injuries secondary to boil water orders).  Public health
officials must quickly assess these factors and promptly
communicate a balanced picture to decision makers.
When epidemiologic data implicates a source or mode of
transmission of illness, prompt consideration should be
given to immediate intervention. In general, public health
officials should not wait for laboratory confirmation of
their epidemiologic findings to take action because
waiting for requisite laboratory data may substantially
delay the institution of control measures.

*This article originally appeared in Current Issues in Public
Health, 1996; 2:1-4.
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Table 1
Basic steps to an outbreak

investigation

1. Verify the existence of an epidemic

2. Confirm the diagnosis

3. Take immediate control measures
(if indicated)

4. Develop a case definition

5. Institute case-finding and count cases

6. Collect and orient the data in terms of time, place
and person

7. Develop hypotheses explaining the specific
exposure that caused disease

8. Test hypotheses using appropriate
epidemiologic and statistical methods

9. Plan additional systematic studies

10. Execute and evaluate control and
prevention measures

11. Continue surveillance

12. Communicate findings

Adapted from Selected Bibliography references 1 and 2

Administrative Aspects
The public health response to an outbreak is complex and
substantially transcends the issues regarding the scien-
tific investigation of the outbreak.  Other important
considerations include the need to attend to establishing
relationships, logistical considerations, resource manage-
ment, planning, and coordinated communication and
action; failure to address these considerations likely will
hamper the response to the outbreak.

For example, an important first step is to establish the
outbreak investigation team, define its leadership, and
specify goals early in the investigation.  The leadership
must organize the team to assure the assignment of
specific roles and an appropriate division of labor.
Resources that are needed to conduct the investigation
should be assessed early and, if needed, additional
resources should be sought immediately.  When out-
breaks require the involvement of personnel from local,
state, and federal agencies, it is essential that collaborative
and consultative relationships between health officials be
established immediately.  Local and state officials
generally bear the final responsibility for the response to
an outbreak in a specific jurisdiction.  Each aspect of the

investigation should be prioritized to allow team mem-
bers to optimize their efficiency, and the team should
meet regularly to review the progress of each portion of
the investigation and redirect resources to complete the
essential tasks.  Collected data should be routinely
compiled, discussed daily by the investigative team, and
used to further direct the investigation.

Because the collection, testing, and reporting of speci-
mens obtained from cases and the environment to the
outcome of an outbreak investigation, whenever pos-
sible, laboratory scientists should be included in the
planning and conducting of the outbreak investigation.
Consideration should be given to dedicating personnel to
assure proper collection, recording of laboratory data,
and transport of laboratory specimens.  In addition,
outbreak investigations often may require the expertise
and cooperation of persons in other disciplines (e.g.,
engineers, agriculture and industry officials, veterinar-
ians, and entomologists) to conduct the investigation; the
roles of these experts should be defined early in the
investigation.  This type of multi-disciplinary approach
adds to the complexity of the overall investigation, often
necessitating increased effort and time to communicate
findings and coordinate the investigation.

Because outbreaks often garner intense public interest,
the news media may seek to report large amounts
information about outbreaks in a timely manner, includ-
ing facts, controversies, and stories of human interest.
The needs of public health officials usually are specifi-
cally directed toward informing the public of measures to
control and prevent disease while avoiding the creation
of biases which might affect the scientific investigations.
The differing priorites of the news media and public
health may create a tension between these two groups.
To facilitate the provision of information a single public
health spokesperson should be designated as the main
communicator with the news media.  This person should
be in regular and direct contact with the investigation
team, should provide the media regularly scheduled
updates regarding the outbreak, act as a buffer to allow
the outbreak investigation team uninterrupted time to
conduct the investigation, and should interpret and
communicate important findings using messages that can
be readily understood and used by the general public.

Investigational Aspects
Following confirmation of the occurrence of an outbreak,
the investigator must enhance surveillance to identify
additional cases.  Many cases initially may not be
recognized because of inadequate testing of patient
specimens and underreporting of cases to local public
health departments.  To enhance surveillance and case-
finding, public health officials must inform the medical
community about the presence of an outbreak, clinical
manifestations, laboratory tests used to confirm the
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diagnosis, available treatment, prophylaxis of case
contacts, means of preventing secondary spread, and the
importance of promptly reporting all suspected cases to
the health department.  When appropriate, increased
laboratory testing should be encouraged and, if neces-
sary, supported logistically and financially.  The health
department may decide to conduct active surveillance for
cases by directly contacting health care providers and
laboratorians.

Case definitions have great importance in enhancing
case-finding, delineating the study population, and
describing criteria for the illness under investigation.
The three basic components of a case definition are
specification of 1) conditions (e.g., signs and symptoms
and laboratory results); 2) the time period of exposure or
onset of illness; and 3) relevant geographic factors (e.g.,
place of residence, employment, or recreational and
social activities).  For the purpose of reporting of cases
by health care providers, case definitions with both high
sensitivity and specificity are preferred.  However, in
some situations a relatively sensitive, but less specific
case definition, may be used to enhance case finding and
improve characterization of the spectrum of disease.

Information gathered about cases should be evaluated in
terms of on the characteristics of person, place, and time,
and used to construct epidemic curves, spot maps, and
other characteristic profiles shared by case-patients.  This
information can then be used to formulate hypotheses
about the source or spread of the problem.  This process
also entails extensive interview of case-patients (particu-
larly those who became ill early in the outbreak),
determining the order and timing of key events and
activities, and inspecting the site or sites suspected to be
involved in the outbreak.   In addition to formulating
hypotheses about the source and the mode of transmis-
sion, the investigation can also assess the pathogenic
mechanisms, presence of a dose response, risk factors for
illness, effectiveness of the control measures utilized,
sequelae of disease, and costs engendered.

The identification of hypotheses and other key questions
will quide the design of epidemiologic, laboratory, and
environmental studies.  Choice of study populations,
control groups, means of data collection (personal
interview, telephone interview, or self-administered
questionnaire) and the design of questionnaires must be
considered carefully to assure validity and precision of
studies.  Epidemiologists need to be creative and
resourceful when considering study designs to answer
specific questions.  For example, the use of multiple
different control groups during investigations of
hantavirus infections in the Southwest was critical in
permitting investigators to elucidate different factors
associated with exposure to infection (5).  During the

large cryptosporidiosis outbreak in Milwaukee due to
community-wide exposure to a contaminated public
water supply, the investigation of special populations
such as short-term visitors who had only brief exposure
to Milwaukee water was useful to determine the incuba-
tion period, duration of community exposure, and the
frequency secondary transmission (6).  In these ex-
amples, restriction of the investigations to single control
groups or community members, respectively, would
likely have precluded the determination of answers to
important questions.

Questionnaires should be designed to allow the testing of
identified hypotheses, evaluation for confounding and
effect modification, and classification of varying levels
of exposure and illness.   Collection of data extraneous to
testing the identified hypotheses should be avoided.
Maintaining a questionnaire as brief, clear, and easy to
use as possible results in higher response rates and more
timely data collection.  To accomplish this, question-
naires should undergo extensive critique by colleagues,
be revised as needed, and, when possible, be pre-tested
on people representative of those who will ultimately be
administered the questionnaire.  Designing question-
naires is often a time consuming and difficult process,
but is worth the effort since there is no analysis that can
overcome collection of poor data.  There is great truth in
the maxim, “garbage in, garbage out.”

Investigations should be carried to completion.  Data
collected during the initial investigation should be
evaluated promptly and used to direct on-going hypoth-
esis generation.  Surveillance should be maintained after
the outbreak appears to subside and the efficacy of the
control measures assessed.  A final report should be
written promptly to document the investigation, the
findings, and recommendations made. Consideration
should be given to the broader implications of the
investigation’s findings for public policy, industry, and
science.  For investigations that make substantial
contributions in these areas, the investigators should
communicate of their findings in a timely manner to
colleagues in public health bulletins, abstracts, presenta-
tions, and journal articles.
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Key Words and Phrases

Acid-fast stain: The nonspecific staining procedure used by most medical laboratories for
detection of Cryptosporidium oocysts in stool specimens.

Action level: A specified concentration of a contaminant in water; if this concentration is
reached or exceeded, certain actions (e.g., further treatment and monitoring) must be
taken to comply with a drinking-water regulation.

Available chlorine level : See “Free residual chlorine level.”
Backflow: A reversal of the normal flow of water or other liquid caused by a negative-

pressure gradient (e.g., within a water system).  Also known as “siphonage.”
Boil water advisory: A statement advising persons to boil tap water before use because of

suspected microbial contamination.
Case definition: A standard set of criteria for deciding whether an individual should be

classified as having a disease.
Coagulation: The process of adding chemicals to water to gather particles for removal by

sedimentation and/or filtration.
Coliforms: Bacteria used as a measure of potential fecal contamination.  Elevated coliform

levels indicate poor water quality.
Contact time: The length of time water is exposed to a disinfectant (e.g., chlorine contact

time).
Cross-connection: Any physical connection between the water pipe(s) delivering water to a

customer and a source of contamination (e.g., a wastewater line) that might allow that
contamination to enter the water pipe.

Cyst: The infectious stage of Giardia and some other protozoan parasites that has a
protective wall, which enables it to survive in water and other environments.

DFA test (direct fluorescent antibody test): A test for Cryptosporidium that uses
fluorescence-labeled antibodies to detect oocysts under a microscope, used by some
medical laboratories for the detection of Cryptosporidium in stool specimens.

Disinfection: The treatment of water to inactivate, destroy, or remove pathogenic (disease-
producing) bacteria, viruses, parasites, and other microorganisms for the purpose of
making the water microbiologically safe for human consumption.

Disinfection byproducts: Chemicals formed in water by reactions between organic matter
and disinfectants.

Distribution system: System of water pipes, storage reservoirs, tanks, and other means used
to deliver drinking water to consumers.

EIA (enzyme immunoassay): A specific antigen or antibody detection test used by some
medical laboratories for the detection of Cryptosporidium in stool specimens.

Endemic level: The expected or “background” level of a disease or infectious agent within a
given area.

Epidemiologically linked case: A case in which the patient has had the same exposure as
one or more persons who have/had the disease.

Excystation: The release of the internal contents of cysts or oocysts.  The mechanism by
which ingested Cryptosporidium oocysts cause human and animal infection.

Fecal coliforms: An easily measured subset of the coliform group of bacteria, primarily
Escherichia coli, that is found mainly in the gut of warm-blooded animals, including
humans.  Its presence in water indicates that fecal pathogens (e.g., Cryptosporidium,
Giardia) may also be present.



26 Chapter 8- Resource Guide

Fecal-oral route: Transmission involving oral ingestion of Cryptosporidium or other
organisms that have been excreted through feces.

Filter backwash: Water that contains material obtained by reversing the flow of water
through a filter to dislodge particles.

Filtration : The process of removing suspended particles from water by passing it through
one or more permeable membranes or media of small diameter (e.g., sand, anthracite, or
diatomaceous earth).

Finished water: The fully treated water (i.e., drinking water) which leaves a treatment plant.
Flocculation: The water-treatment process after coagulation that uses gentle stirring to cause

suspended particles to form larger, aggregated masses (floc). The aggregates are removed
from the water by a separation process (e.g., sedimentation, flotation, or filtration).

Free, residual chlorine level: The concentration of chlorine in water that is not combined
with other constituents and thus serves as an effective disinfectant.  Also known as
“available chlorine level.”

Ground water: Water extracted from under the ground (i.e., from a well or spring).
Immunocompromised, immunosuppressed, immunodeficient, immune-suppressed:

Terms used to describe a person whose immune system has a reduced ability to protect
the body from infection.

Indicator organism: An easily measured microorganism, or group of related organisms, that
indicates by its presence or concentration that pathogens may be present.

Information Collection Rule: A U.S. Environmental Protection Agency (EPA) regulation
that requires water systems using surface water that serve 100,000 or more people and
water systems using ground water that serve 50,000 or more people to conduct
monitoring and/or treatment studies.  It also requires these water systems to report data to
the EPA and to make their findings public if required by the state.  This data will be used
in developing future regulations for disinfectants/disinfection byproducts and enhanced
surface water treatment.

Laboratory-confirmed case: A case that is confirmed by analysis of a stool, blood, or tissue
sample in a reliable laboratory (as opposed to a case identified only by a person’s
symptoms or reported symptoms).

Maximum-contaminant level: The maximum permissible concentration (level) of a
contaminant in water supplied to any water consumer.

Multiple barrier  system: The use of more than one barrier or protection and treatment in
series to ensure the safety of drinking water.  Multiple barriers may include wastewater
collection and treatment, protection of water sources, disinfection, protection of water
quality during storage and distribution, aggressive management, and adequate training.

Nephelometric turbidity units (NTU) : Measurement of turbidity (lack of clarity) of a
sample of water.

Oocyst: The infectious stage of Cryptosporidium parvum and some other coccidian parasites.
An oocyst has a protective shell-like wall that facilitates its survival in water and other
environments.

Point-of-use filter : Water filter installed at point just before water is drunk.  A faucet, for
example, is a “point-of-use.”

Protozoan: One-celled microscopic organism.
Raw water: Untreated, unfiltered water.
Reverse osmosis: A process that removes dissolved salts, metallic ions, and microbes from

water by forcing it through a semipermeable membrane.
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Sedimentation: The process of settling out suspended solid particles to the bottom of water.
Shedding: Releasing infective particles; excreting contagious germs.
Siphonage: See “backflow.”
Source water: Untreated, unfiltered water (e.g., water in lakes, rivers, and reservoirs) used to

produce drinking water.  Also known as “raw water.”
Spiking: A laboratory research method of adding oocysts to water to determine if filtration

systems are functioning properly; intentionally contaminating water with oocysts or other
microorganisms.

Stool specimen: A small sample of feces to be tested for the presence of oocysts or other
microorganisms.

Submicron: Less than 1 micron (1 millionth of a meter).
Supportive laboratory results: Laboratory results that support a diagnosis but do not prove it.
Surface water: The water in lakes, rivers, reservoirs, ponds, and oceans.
Surface Water Treatment Rule (SWTR): EPA regulation that requires water systems using

surface water, and ground water under the direct influence of surface water, to disinfect
their waters. It also requires all such systems to filter their water, unless the system can
meet certain EPA-specified criteria.

Suspected case: An instance of disease (e.g., cryptosporidiosis) that is suspected but is not
laboratory confirmed.

Total chlorine: Free and bound atoms of chlorine in water calculated together.
Total Coliform Rule:  EPA  regulation that sets a maximum limit and monitoring

requirements for total coliforms in drinking water. Total coliforms, which are not
generally pathogenic, are a group of closely related bacteria used to indicate
contamination problems in the distribution system, and thus the potential presence of
waterborne pathogens.

Total coliforms: Nonfecal and fecal coliforms calculated together to measure contamination
of a water sample.

Total coliform test: A measure that detects the presence or number of living coliform
bacteria in a water sample.

Transmission: Passing of infection from one person or animal to another.
Turbidity : The level of suspended matter (e.g., clay, silt, or plankton) in water, which causes

a loss of clarity or transparency.
Watershed: An area from which water drains to a particular body of water.
Watershed-control program: An effort designed to prevent contamination of source water.
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Figure D
Information About Self-reported Or

Physician-reported Cases

Name of person who is ill Today’s date |__|__|-|__|__|-|__|__|
(Last, First) ______________________ MM DD YY

Address__________________________ Telephone No.____________________(home)
  __________________________ ____________________(work)

Sex_____ Age_____ Symptoms onset date  |__|__|-|__|__|-|__|__|
MM   DD   YY

Still having symptoms now? Y    N Total duration of symptoms ________________

Seen a physician?    Y    N If yes, name and number___________________
    ___________________

 If yes, diagnosis ________________________

Any laboratory work done?    Y    N If yes, what type (probe for blood and stool)
_______________________________________

If yes, results (probe for Cryptosporidium,
Giardia, Cyclospora) ______________________

Any of the following symptoms? Comments
Diarrhea Y N __________________________________
Nausea Y N __________________________________
Vomiting Y N __________________________________
Fever Y N __________________________________
Weight loss Y N __________________________________
Cramping Y N __________________________________

Immune compromised in any way (HIV, cancer chemotherapy, organ transplant recipient)?
Y N If yes, specify ___________________________

Are other family members ill with similar symptoms?    Y    N If yes, how many?______
If yes, specify
__________________________________________________________

Relation Sex Age Date became ill
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________

Caller believes potential vehicle or source of the infection is__________________________

Report completed by _________________
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Figure E

Note: Text in regular type is to be read to the respondent.
Text in CAPITALS is an instruction for the interviewer and should not be read to the respondent.
Text in italic is a suggestion for modification of the questionnaire to tailor the document to the ongoing investi-
gation.

CASE QUESTIONNAIRE FOR CASE-CONTROL STUDY

ID: |__|__|__|__| Interviewer: _____________________________

Date of Interview: |__|__|-|__|__|-|__|__|
  MM    DD   YY

Interview Outcome Code: |__|__|

TITLE OF YOUR SURVEY/CASE-CONTROL STUDY

WHEN YOU MEET THE SUBJECT:
Hello, my name is (YOUR NAME).  I am from (STATE YOUR AFFILIATION).  We are conducting a study
designed to examine factors associated with the development of state the disease you are studying.  I am here to
speak with you about this study.

ARRANGE PRIVATE SETTING FOR INTERVIEW IF NOT DONE BY PHONE.
As I just mentioned, the purpose of this study is to state specifically what the primary goal of the interview is,
i.e., to collect information on exposure factors for acquiring Cryptosporidium.  Your help in this study is very
important.  Your participation is voluntary and all information you give will be kept confidential to the extent
legally possible. Some of the questions may be sensitive.  You may refuse to answer any question at any time.
Neither your name nor any identifying information will appear on any report of the study.

ADMINISTER CONSENT FORM.

BEGIN INTERVIEW.

SECTION A: BACKGROUND INFORMATION

CIRCLE CODE FOR PARTICIPANTS GENDER
MALE.......................................... 1
FEMALE..................................... 2

I would like to begin by asking you some basic questions about yourself.

A1. What is your full name? (LAST, FIRST, MI)__________________________________

A2. What is your home address?  (IF RESPONDENT REFUSES, ATTEMPT TO OBTAIN HIS/HER ZIP
CODE, EXPLAINING THAT INFORMATION ON THE GENERAL AREA WHERE HE/SHE LIVES IS
VERY IMPORTANT FOR EXPOSURE ASSESSMENT.)

______________________________________________________________________

A3. What is your work address?  (IF RESPONDENT REFUSES, ATTEMPT TO OBTAIN HIS/HER ZIP
CODE, EXPLAINING THAT INFORMATION ON THE GENERAL AREA WHERE HE/SHE WORKS
IS VERY IMPORTANT FOR EXPOSURE ASSESSMENT.)

______________________________________________________________________
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A4. What are your home and work phone numbers? (IF SUBJECT REFUSES FILL IN 8s IN THE BOXES.  IF
NONE, FILL IN 9s.)
|__|__|__|-|__|__|__|-|__|__|__|__| |__|__|__|-|__|__|__|-|__|__|__|__|
HOME WORK

A5. What is your date of birth? |___|___|-|___|___|
MONTH   YEAR

A6. What racial or ethnic group do you consider yourself part of?
WHITE, NON-HISPANIC............................................. 1
BLACK, NON-HISPANIC............................................. 2
WHITE, HISPANIC....................................................... 3
BLACK, HISPANIC...................................................... 4
AMERICAN INDIAN/ALASKA NATIVE................. 5
ASIAN/PACIFIC ISLANDER....................................... 6
OTHER (SPECIFY)____________________________ 7
REFUSED...................................................................... 8
UNKNOWN................................................................... 9

A7. What type of residence are you living in now? (List the appropriate possibilities with codes for your
population such as a private home, apartment, condominium, a group residence, a homeless shelter etc....
Codes should include 7 for other, 8 for refused, and 9 for unknown or blank responses.)

A8. How many individuals currently live in your household? |__|__|

SECTION B: CLINICAL INFORMATION

(The questions in this section relate to symptoms experienced by the case patient.  Modify and/or delete as
appropriate if the questionnaire is being used to interview a control patient.)

Now I would like to ask you some questions about your illness.

B1. What was the approximate date your symptoms began? |__|__|-|__|__|-|__|__|
 MM   DD   YY

B2. Do you currently have these symptoms?
YES............................................ 1
NO.............................................. 2
REFUSED................................... 8
UNKNOWN................................ 9

B3. How long have you had these symptoms? (RECORD AS NUMBER OF DAYS.  CROSS CHECK THE
RESPONSE BY SUBTRACTING THE DATE OF THE INTERVIEW FROM THE DATE OF ONSET OF
SYMPTOMS.) |__|__|__|

B4. Have you had any of the following symptoms? (READ AND CIRCLE ALL THAT APPLY.  CLARIFY
THAT THE DEFINITION FOR DIARRHEA IS THREE OR MORE LOOSE OR WATERY STOOLS IN A
24-HOUR PERIOD.)

Diarrhea....................................... 01
Nausea......................................... 02
Vomiting...................................... 03
Fever............................................ 04
Loss of weight or appetite........... 05
Cramping...................................... 06
Gas............................................... 07

ID:
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Headache...................................... 08
Other (SPECIFY)_____________ 77
REFUSED.................................... 88
UNKNOWN................................. 99
NO SYMPTOMS......................... 00 (GO TO B12)

B5. Have you consulted a health care provider for your symptoms?
YES............................................ 1
NO.............................................. 2 (GO TO B8)
REFUSED................................... 8 (GO TO B8)
UNKNOWN................................ 9 (GO TO B8)

B6. What was his or her name, address, and telephone number?
_____________________________________________________
_____________________________________________________

B7. What was the diagnosis? (RECORD THE RESPONDENT’S ANSWER VERBATIM AND CODE
LATER.)____________________________
_________________________________________________________ |__|__|

B8. Has any laboratory work been done,  such as a blood test and/or a stool examination?
YES............................................ 1
NO.............................................. 2 (GO TO B10)
REFUSED................................... 8 (GO TO B10)
UNKNOWN................................ 9 (GO TO B10)

B9. What were the results of the test(s)? (RECORD THE RESPONDENT’S ANSWER VERBATIM, AND
VERIFY WITH THE LAB AND CODE LATER.)
BLOOD__________________________________________ |__|__|
STOOL__________________________________________ |__|__|

B10. Were you hospitalized as a result of your symptoms?
YES............................................ 1
NO.............................................. 2 (GO TO B12)
REFUSED................................... 8 (GO TO B12)
UNKNOWN................................ 9 (GO TO B12)

B11. How many days were you hospitalized? |__|__|

B12. Do you have a weakened immune system ?  In other words, are you HIV positive, receiving cancer
  chemotherapy, or an organ transplant recipient?

YES............................................ 1
NO.............................................. 2
REFUSED................................... 8
UNKNOWN................................ 9

B13. Had you regularly been taking any medication before your symptoms began?
YES............................................ 1
NO.............................................. 2 (GO TO LINE BEFORE B15)
REFUSED................................... 8 (GO TO LINE BEFORE B15)
UNKNOWN................................ 9 (GO TO LINE BEFORE B15)

B14. Tell me the name of this (these) medications.  (RECORD THE RESPONDENT’S ANSWER
VERBATIM AND CODE LATER.)
________________________|__|__| ___________________________|__|__|
________________________|__|__| ___________________________|__|__|

ID:
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IF RESPONDENT LIVES ALONE, GO TO SECTION C.

B15. Are other members of your household ill with similar symptoms?
YES............................................ 1
NO.............................................. 2 (GO TO SECTION C)
REFUSED................................... 8 (GO TO SECTION C)
UNKNOWN................................ 9 (GO TO SECTION C)

B16. How many members are ill? (CODE 88 FOR REFUSAL, 99 FOR UNKNOWN.) |__|__|

B17. What is his (her, their) relationship to you, and his (her, their) age and gender?
RELATION_____________|__|__|    AGE |__|__|       GENDER (M=1, F=2) |__|
RELATION_____________|__|__|    AGE |__|__|       GENDER (M=1, F=2) |__|
RELATION_____________|__|__|    AGE |__|__|       GENDER (M=1, F=2) |__|

SECTION C: EXPOSURE INFORMATION

(Questions in this section should be added, deleted, and/or tailored to the specific situation being investigated,
and to whether the respondent is a case or control patient.  The time of reference should be between 2 and 4
weeks before the onset of the illness.)

I would like to move on to some questions about how you might have acquired your illness.  First, I would like
to concentrate on your exposure to water during the 2 weeks before you became ill.  (EMPHASIZE THE TIME
FRAME OF INTEREST.)

C1. What were your sources of drinking water at home?  (READ AND CIRCLE ALL THAT APPLY.)
Municipal water from the tap.............................. 1 (GO TO C4)
Municipal water processed with a home filter..... 2
Well water.......................................................... 3 (GO TO C4)
Commercially bottled water................................ 4 (GO TO C4)

(SPECIFY NAME)_____________________
Other (SPECIFY)_________________________ 7 (GO TO C4)
REFUSED........................................................... 8 (GO TO C4)
UNKNOWN........................................................ 9 (GO TO C4)

C2. Which brand(s) and model(s) of water filter have you been using?  (CODE 8 FOR REFUSED AND 9
FOR UNKNOWN.)

Brand(s) ______________________________________ |__|

Model(s) ______________________________________ |__|

C3. When was the last time you changed the filter element?  (CODE 8 FOR REFUSED AND 9 FOR
UNKNOWN, E.G. 99-99.) |__|__|-|__|__|

 MM YY

C4. What were your sources of drinking water at school or at work?  (READ AND CIRCLE ALL THAT
APPLY.)

Municipal water from the tap............................................ 01
Municipal tap water with more filtration at work............. 02
Municipal tap water filtered at home and taken to work... 03
Well water......................................................................... 04
Commercially bottled water.............................................. 05

(SPECIFY NAME)________________________
Other (SPECIFY)_______________________________ 77

ID:
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REFUSED........................................................................ 88
UNKNOWN..................................................................... 99
DOES NOT GO TO SCHOOL OR WORK..................... 00

C5. Before you became ill, on average, how many glasses of water did you drink in a day?  (RECORD THE
NUMBER FOR HOME AND SCHOOL/WORK CONSUMPTION SEPARATELY.  FILL IN 8s FOR
REFUSED, 9s FOR UNKNOWN, AND 0s FOR NOT APPLICABLE.)
|__|__| |__|__|
HOME      SCHOOL/WORK

C6. What was your usual source of ice during the 2 weeks before you became ill?  (READ AND CIRCLE
ALL THAT APPLY.)

Tap water from your home.................................. 1
Tap water from your school/work....................... 2
Commercially bought ice..................................... 3

(SPECIFY BRAND AND LOCATION)
_________________________________
_________________________________

Does not use ice..................................................... 4
Other (SPECIFY)_________________________ 7
REFUSED........................................................... 8
UNKNOWN........................................................ 9

C7. During the 2 weeks before you became ill, did you drink any beverage made with water, such as ice-tea
or lemonade, at a restaurant, picnic, fair, or other social event?

YES............................................ 1
NO..............................................2 (GO TO C9)
REFUSED...................................8 (GO TO C9)
UNKNOWN................................9 (GO TO C9)

C8. What was the name, date, and location of the event(s)?
NAME________________________________________ |__|

LOCATION____________________________________ |__|

DATE |__|__|-|__|__|-|__|__|
  MM    DD   YY

(Duplicate this information for each restaurant and/or event.)

C9. During the 2 weeks before you became ill, did you swim in a pool, lake or river?
YES............................................ 1
NO..............................................2 (GO TO C15)
REFUSED...................................8 (GO TO C15)
UNKNOWN................................9 (GO TO C15)

C10. Where did you swim?
BODY OF WATER_____________________________ |__|

LOCATION___________________________________ |__|

C11. Do you remember if you put your face in the water?
YES............................................ 1
NO..............................................2 (GO TO C15)
REFUSED...................................8 (GO TO C15)
UNKNOWN................................9 (GO TO C15)

ID:
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C12. Did you get any of the water in your mouth?
YES............................................ 1
NO..............................................2 (GO TO C15)
REFUSED...................................8 (GO TO C15)
UNKNOWN................................9 (GO TO C15)

C13. Do you remember accidentally swallowing any of the water?
YES............................................ 1
NO..............................................2 (GO TO C15)
REFUSED...................................8 (GO TO C15)
UNKNOWN................................9 (GO TO C15)

C14. Please estimate how much water you swallowed.  (READ.)
A mouthful................................... 1
Several mouthfuls......................... 2
The equivalent of a glass............... 3
REFUSED................................... 8
UNKNOWN................................ 9

C15. During the 2 weeks before you became ill, did you bathe in a hot tub or jacuzzi?
YES............................................ 1
NO..............................................2 (GO TO INTRO BEFORE C17)
REFUSED...................................8 (GO TO INTRO BEFORE C17)
UNKNOWN................................9 (GO TO INTRO BEFORE C17)

C16. Where did you bathe in this hot tub or jacuzzi?
LOCATION_________________ |__|

Now I would like to concentrate on your exposure to food during the 2 weeks before you became ill.
(EMPHASIZE THE TIME FRAME OF INTEREST AGAIN.)

C17. During an average week, how many meals did you eat outside your home, including breakfast, lunch, and
dinner, and any take out food ordered and brought home? (CODE 00 FOR NONE, 88 FOR REFUSED,
AND 99 FOR UNKNOWN.  IF NONE, THEN GO TO C19.)
NUMBER OF MEALS |__|__|

C18. How is food served at these restaurants?  (READ AND CIRCLE ALL THAT APPLY.)
Take-out or Drive-thru..................... 01
Buffet or Salad Bar.................................. 02

Sit-down restaurant........................ 03
Other (SPECIFY)____________ 77
REFUSED................................... 88
UNKNOWN................................ 99

C19. During the 2 weeks before you became ill, how many times did you eat the following food items?
(CODE 0 FOR NONE, 8 FOR REFUSED, AND 9 FOR UNKNOWN.)

Lettuce or garden salad................................................................ |__|
Other cold salads such as coleslaw, potato salad, or pasta salad... |__|
Cold cuts, chicken salad, egg salad, or tuna salad......................... |__|
Raw vegetables such as carrots, tomatoes, and cucumbers............. |__|
Raw fruits such as strawberries and raspberries.......................... |__|

ID:
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C20. During the 2 weeks before you became ill, did you drink unpasteurized milk, unpasteurized apple juice,
and/or eat any unpasteurized products?

YES............................................ 1
NO.............................................. 2 (GO TO C22)
REFUSED................................... 8 (GO TO C22)
UNKNOWN................................ 9 (GO TO C22)

C21. What unpasteurized product(s) did you eat?
___________________________ |__|
A SPECIFY          CODE
___________________________ |__|
B
___________________________ |__|
C
___________________________ |__|
D

C22. During the 2 weeks before you became ill, did you begin eating any new health foods or begin using any
new dietary supplements?

YES............................................ 1
NO..............................................2 (GO TO C24)
REFUSED...................................8 (GO TO C24)
UNKNOWN................................9 (GO TO C24)

C23. What were these new products?
___________________________ |__|
A SPECIFY          CODE
___________________________ |__|
B
___________________________ |__|
C
___________________________ |__|
D

C24. During the two weeks before you became ill, did you use any nontraditional or
alternative treatments or therapies?

YES............................................ 1
NO..............................................2 (GO TO C26)
REFUSED...................................8 (GO TO C26)
UNKNOWN................................9 (GO TO C26)

C25. What product(s) did you use?
___________________________ |__|
A SPECIFY          CODE
___________________________ |__|
B
___________________________ |__|
C
___________________________ |__|
D

C26. Before you became ill, where did you do most of your grocery shopping? (READ AND CIRCLE ALL
THAT APPLY.)

(List and code groceries found in the location being investigated.  If there are specialty markets or stores,
make sure to collect information on what products were bought at each store.)

ID:
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C27. During the 2 weeks before you became ill, did you go to any of the following bars, clubs, and/or discos?
(READ AND CIRCLE ALL THAT APPLY.)

(List clubs, bars etc...found in the location being investigated and code.)

C28. During the 2 weeks before you became ill, did you attend any parties, weddings, receptions, banquets, or
other events?

YES............................................ 1
NO..............................................2 (GO TO INTRO BEFORE C30)
REFUSED...................................8 (GO TO INTRO BEFORE C30)
UNKNOWN................................9 (GO TO INTRO BEFORE C30)

C29. What event(s) did you attend?  (RECORD THE TYPE, THE LOCATION, AND THE DATE OF THE
EVENT(S).)

EVENT______________________________  |__|

LOCATION __________________________________ |__|__|-|__|__|-|__|__|
  MM     DD      YY

(Duplicate this information for each event.)

I would now like to ask you a few questions about your travel history.

C30. During the 2 weeks before you became ill, did you travel within the state?
YES............................................ 1
NO..............................................2 (GO TO C32)
REFUSED...................................8 (GO TO C32)
UNKNOWN................................9 (GO TO C32)

C31. Please give me the locations and the number of days you spent at each location.
___________________________ |__|__| |__|__|
A LOCATION CODE DAYS
___________________________ |__|__| |__|__|
B
___________________________ |__|__| |__|__|
C
___________________________ |__|__| |__|__|
D

C32. During the 2 weeks before you became ill, did you travel to another state within the United States?
YES............................................ 1
NO..............................................2 (GO TO C34)
REFUSED...................................8 (GO TO C34)
UNKNOWN................................9 (GO TO C34)

C33. Please give me the name of the cities and states, and the number of days you spent in each state.
___________________________ |__|__| |__|__|
A CITY/STATE CODE DAYS
___________________________ |__|__| |__|__|
B
___________________________ |__|__| |__|__|
C
___________________________ |__|__| |__|__|
D

ID:
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C34. During the 2 weeks before you became ill, did you travel to another country?
YES............................................ 1
NO..............................................2 (GO TO INTRO BEFORE C36)
REFUSED...................................8 (GO TO INTRO BEFORE C36)
UNKNOWN................................9 (GO TO INTRO BEFORE C36)

C35. Please tell me which country (ies) and the number of days you spent in each country.
___________________________ |__|__| |__|__|
A COUNTRY CODE DAYS
___________________________ |__|__| |__|__|
B
___________________________ |__|__| |__|__|
C
___________________________ |__|__| |__|__|
D

Next, I would like to ask you some questions about person to person and person to animal exposures.

C36. During the 2 weeks before you became ill, did you work or go to school outside of your home?
YES............................................ 1
NO..............................................2
REFUSED...................................8
UNKNOWN................................9

C37. During the 2 weeks before you became ill, were you involved in any of the following types of activities?
(READ AND CIRCLE ALL THAT APPLY.)

Food handling.............................. 1 (GO TO C38)
Child care..................................... 2 (GO TO C39)
Animal care outside of household 3 (GO TO C40)
Patient care.................................. 4 (GO TO C41)
Other (SPECIFY)_____________ 7 (GO TO C42)
REFUSED.................................... 8 (GO TO C42)
UNKNOWN................................. 9 (GO TO C42)

C38. What type of food handling or preparation were you involved with?  (READ AND CIRCLE ALL THAT
APPLY.)

Hot food preparation.................................. 1
Cold food preparation................................ 2
As server or waiter..................................... 3
As bartender............................................... 4
As salad bar/buffet organizer..................... 5
Other (SPECIFY)___________________ 7
REFUSED................................................. 8
UNKNOWN.............................................. 9

C39. What type of child care work were you involved in?  (READ AND CIRCLE ALL THAT APPLY.)
Out of home child care center.................... 1
(SPECIFY NAME)_______________
In-home child care center.......................... 2
Out of home babysitter............................... 3
In-home babysitter..................................... 4
Other (SPECIFY)___________________ 7
REFUSED................................................. 8
UNKNOWN.............................................. 9
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C40. What type of animal care were you involved in?  (READ AND CIRCLE ALL THAT APPLY.)
Work in a pet store.................................... 1
Work on a farm.......................................... 2
Work on a dairy farm................................. 3
Dog walker................................................ 4
Dog groomer............................................. 5
Veterinarian............................................... 6
Other (SPECIFY)____________________ 7
REFUSED................................................. 8
UNKNOWN.............................................. 9

C41. What type of patient care were you involved in?  (READ AND CIRCLE ALL THAT APPLY.)
Physician.................................................... 1
Nurse......................................................... 2
Nurse’s aid................................................. 3
Home health care worker........................... 4
Other (SPECIFY)____________________ 7
REFUSED................................................. 8
UNKNOWN.............................................. 9

C42. Do you have children in out of home child care?
YES............................................ 1
NO.............................................. 2 (GO TO LINE BEFORE C44)
REFUSED................................... 8 (GO TO LINE BEFORE C44)
UNKNOWN................................ 9 (GO TO LINE BEFORE C44)

C43. Where is the out of home child care located?
NAME/ADDRESS__________________  |__|

IF THE CASE PATIENT IS 5 YEARS OLD OR LESS, ASK QUESTION C44.  OTHERWISE GO TO
QUESTION C46.

C44. Does the child who is ill attend a child care center?
YES................................................ 1
NO.................................................. 2 (GO TO C46)
REFUSED...................................... 8 (GO TO C46)
UNKNOWN................................... 9 (GO TO C46)

C45. Where is the child care center located?
NAME/ADDRESS__________________ |__|

C46. During the 2 weeks before you became ill, did you come in contact with anyone who had diarrhea,
including (READ AND CIRCLE ALL THAT APPLY.)

Teenagers or adults................................. 1
(SPECIFY)___________________

Children..................................................... 2
(SPECIFY)___________________

Animals...................................................... 3
(SPECIFY)___________________

REFUSED................................................. 8
UNKNOWN.............................................. 9
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C47. During the 2 weeks before you became ill, did you visit a person who was ill with an intestinal problem,
e.g., diarrhea, nausea, or vomiting?

YES.............................................. 1
NO.............................................. 2 (GO TO C49)
REFUSED................................... 8 (GO TO C49)
UNKNOWN................................ 9 (GO TO C49)

C48. Where did you visit this person? (READ.)
In a hospital.................................. 1
In a nursing home......................... 2
In a hospice.................................. 3
At their home............................... 4
Other location.............................. 7

(SPECIFY)____________
REFUSED................................... 8
UNKNOWN................................ 9

C49. During the 2 weeks before you became ill, did you visit anyone in a hospital, nursing home, and/or
hospice?

YES............................................. 1
NO............................................... 2 (GO TO C52)
REFUSED.................................... 8 (GO TO C52)
UNKNOWN................................. 9 (GO TO C52)

C50. What is this person’s relationship to you, and his or her age and gender?
RELATION_____________|__|__|           AGE |__|__|       GENDER (M=1, F=2) |__|

C51. Where was this person located?
LOCATION__________________ |__|

C52. During the 2 weeks before you became ill, did you come in contact with children in diapers?
YES............................................. 1
(SPECIFY)____________
NO............................................... 2
REFUSED.................................... 8
UNKNOWN................................. 9

C53. During the 2 weeks before you became ill, did you come in contact with young animals, that is animals
who are less than 6 months of age?

YES............................................. 1
NO............................................... 2 (GO TO INTRO BEFORE C56)
REFUSED................................... 8 (GO TO INTRO BEFORE C56)
UNKNOWN................................ 9 (GO TO INTRO BEFORE C56)

C54. How did you come in contact with these young animals?  For example, were they (READ AND CIRCLE
ALL THAT APPLY.)

Pets in a house........................................... 1
Animals on a farm...................................... 2
Animals in a petting zoo............................. 3
Other (SPECIFY)____________________ 7
REFUSED................................................. 8
UNKNOWN.............................................. 9
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C55. What types of young animals did you come in contact with?  (List appropriate animals for this
investigation or leave open ended as needed.)

Finally, I would like to ask you a few questions about possible sexual exposures.  Some of these ques-
tions may be very personal.  I would like to remind you that you may refuse to answer any question at
any time.

(Design questions C56 and on to collect information on sexual practices that could involve oral exposure
to fecal matter.)

I would like to thank you very much for your time and cooperation in answering my questions.

END OF QUESTIONNAIRE

ID:
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